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To properly differentiate and classify the protein bodies it is 
necessary to employ some method based on the structure of their 
molecules. Many of the color reactions, it is true, give us evi- 
dence of certain complexes in the protein molecule, but most of 
these reactions are characteristic of the protein bodies in general, 
and in but few cases distinguish between individual proteins. 
Furthermore, these reactions give no quantitative measure of the 
different complexes which cause them, and in these quantitative 
relations lies one of the most important differences between the 
several protein bodies. Until recently, knowledge regarding the 
structure of the protein molecule has been chiefly obtained by de- 
tailed study of the decomposition products resulting from boiling 
the protein with strong acids. A quantitative determination is 
possible for only a few of these decomposition products and, as 
large quantities of pure material and much time and skill are re- 
quired for the examination, investigations of this kind have been 
applied to only a few of the known proteins. 
Kossel and Kutscher? have recently perfected their method for 
1 Ztschr. physiol. Chem., 31, 165 (1900). 
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determining the basic bodies, histidin, arginin and lysin, three of 
the most important decomposition products yet obtained from 
proteins. From their results, it would appear that one of the best 
means at present available for distinguishing between the several 
proteins lies in a determination of the proportion of these bases 
which they contain. We have accordingly tried to determine the 
proportion of the different classes of nitrogenous decomposition 
products yielded by several of the proteins previously prepared 
and studied in this laboratory but as, in many cases, only small 
amounts were available, it is not at present possible to apply 
Kossel and Kutscher’s method to them all. 

As preliminary to a more exact study of our preparations, we 
have used a method proposed by Hausmann!’ for determining the 
proportion of nitrogen in different forms of combination that 
occur among the decomposition products which result after boil- 
ing the protein for a long time with acids. Although this method 
has been subjected to very severe adverse criticism, we have found 
that, under suitable conditions, it yields fairly uniform results and 
affords a rapid means for approximately determining the rela- 
tions of different preparations to one another. Thus we have 
found by its use that some of our preparations from different 
seeds which were so nearly alike in composition and reactions that 
no difference could be detected between them sufficient to warrant 
the conclusion that they were not the same chemical individual, 
yield such different proportions of nitrogen in the several forms 
of binding that there can be no longer any doubt that they are 
distinctly different substances. On the other hand, many prepa- 
rations of different origin which we have heretofore considered to 
be identical, have yielded the same proportion of the different 
forms of nitrogen and consequently our former opinion respecting 
the identity of these protein preparations is very greatly strength- 
ened. We do not assert that Hausmann’s method is capable of 
yielding accurate results respecting the true proportion of nitrogen 
in the various forms of binding, but that it yields valuable com- 
parative results under the conditions which we have*employed, is 
evident from an examination of our determinations given in the 
following pages. 

Hausmann’s method consists in boiling the protein with strong 
hydrochloric acid until it is completely decomposed and then de- 


1 Ztschr. phystol. Chem., 27, 92 (1899). 
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termining: (1) The nitrogen which can be expelled from the 
solution as ammonia by distillation with magnesia; (2) that 
which is precipitated by phosphotungstic acid from the solution 
thus freed from ammonia; and (3) the nitrogen remaining in the 
filtrate from the phosphotungstic acid precipitate. In this way 
Hausmann thought the amide nitrogen (1), the diamino-nitrogen 
(2), and the remaining nitrogen (3), belonging almost wholly to 
monamino acids, might be quantitatively determined. This 
method has, however, received, such severe criticism that it has 
found but little application and the results obtained by it have 
been accorded but slight consideration.* 

Hausmann supposed that the amount of amide nitrogen was 
quite accurately determined by his method and was characteristic 
for each proteid, but Henderson? soon showed that the amount of 
ammonia obtained depended on the strength of the acid used 
in decomposing the proteid and on the time of boiling. 

Schulze and Winterstein* found that after precipitating the 
solution of the decomposition products of proteins with phospho- 
tungstic acid, a small amount of ammonia could be obtained from 
the filtered solution by distilling with magnesia. In agreement 
with this observation, Hart* found that a somewhat greater pro- 
portion of ammonia was obtained by distilling the solution of the 
decomposition products with magnesia than with barium carbon- 
ate. From these facts it would appear that distillation with 
magnesia does not give an accurate measure of the amide nitrogen 
yielded by the protein. 

Kutscher® next stated that, according to experiments by 
Gulewitsch, the phosphotungstic acid compound of arginine is 
notably soluble in water; that the phosphotungstic acid precipitate 
of the diamino acids is soluble in a sufficient excess of the pre- 
cipitant ; that in the mixture of acids obtained by boiling the pro- 
tein with hydrochloric acid an immediate precipitate results on 
adding phosphotungstic acid, but that, on increasing the amount 
of the latter, a further precipitate appears after a time and that 


1 Hofmeister (‘‘ Ergebnisse der Physiologie,”’ Vol. I, p. 778 (1902)), in whose laboratory 
Hausmann’s work was done, says that more accurate estimations by Hausmann’s process 
will soon be published by Th. Giimbel, and the objections raised against this method by 
Kutscher and others will be met. 

2 Ztschr. physiol. Chem., 29, 47 (1900). 

3 Jbid., 33, 563 (1901°. 

4 Jbid., 33, 347 (1901). 

5 Jbid., 31, 215 (1900). 
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this time gradually becomes longer after each addition of the acid. 
This latter precipitate is crystalline, is soluble in water, dilute 
acids, and in acidified dilute phosphotungstic acid solution, and 
does not contain diamino acids. 

Kutscher conducted experiments with Hausmann’s method in 
which he employed different volumes and proportions of phospho- 
tungstic acid for precipitating the diamino acids obtained from 
casein, the results of which, under the difterent conditions em- 
ployed, varied materially from one another and very greatly from 
that obtained by Hausmann with the same protein. Nevertheless, 
two results, secured under the same conditions, agreed very 
closely. Kutscher concluded that Hausmann’s method cannot 
yield useful results. 

Wetzel? employed Hausmann’s method with gelatin, conchiolin 
and silk glutin. He found the same amount of nitrogen, as 
ammonia, in gelatin as did Hausmann, but only one-half as much 
diamino nitrogen. He explains the difference by saying “The 
amount of nitrogen which is obtained is too low for dilute solu- 
tions, too high for very concentrated, since in the one case all the 
bases are not precipitated and in the other, besides the bases, 
probably amido acids are also precipitated.” 

Chittenden and Eustis? state that the amount of bases precipi- 
tated by phosphotungstic acid from solutions containing the de- 
composition products of the proteins is variable and cannot be 
taken as a quantitative measure of the same. 

Schilze and Winterstein® next determined the amount of 
histidine, arginine and lysine which they were able to isolate from 
the decomposition products of several crude preparations of vege- 
table proteins, and found that the amount of nitrogen contained 
in these bases fell considerably below that precipitated by phospho- 
tungstic acid, according to Hausmann’s method. From this they 
conclude that phosphotungstic acid precipitates other decompo- 
sition products than the three determined. 

Schulze and Winterstein* next studied the deportment of some 
monamino acids towards phosphotungstic acid and found that 
neither glycocol, optically active and inactive leucine, amino- 
valerianic acid or tyrosine were precipitated from their 5 per cent. 


1 Zischr. physiol Chem., 29, 403 (1900). 
2 Am. J. Phystol., 3, 31 (1900). 

8 Ztschr. physiol. Chem., 33, 547 (1901). 
4 [bid., 33, 574 (1901). 
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solutions by phosphotungstic acid, but that of phenylalanine under 
these conditions gave an oily precipitate which, after a time, be- 
came crystalline. About 50 cc. of cold water were required to 
dissolve the precipitate produced by 0.1 gram of this substance. 

Whether phenylalanine is thrown down by phosphotungstic acid 
from solutions containing the decomposition products of proteins, 
depends on the concentration of the solution. Since this body 
has as yet been found only in small quantity‘among protein decom- 
position products, it may escape precipitation, but the known 
tendency of substances to separate together from solution may 
cause it to precipitate to a greater or less extent. 

Although a careful examination of the phosphotungstic acid 
precipitates failed to reveal the presence of monamino acids, even 
when methods were used which would surely have shown the 
presence of even small amounts of leucine and tyrosine, they con- 
clude that it is probable that monamino acids are, in fact, carried 
down with the phosphotungstic acid precipitate. 

From the preceding statements, it is evident that Hausmann’s 
method, as he defined it, cannot be used to determine accurately 
the proportion of amido-, diamino- and monamino-nitrogen in the 
decomposition products of the various proteins. It is possible, 
however, under suitable conditions, to obtain valuable comparative 
results by its use, whereby differences between the various pro- 
teins are made plainly evident. 

Henderson’s statement that the amount of ammonia obtained 
depends on the strength of acid with which the proteid is boiled, 
as well as on the time of boiling, is doubtless correct, but an 
examination of his determinations, made under different condi- 
tions, shows that it is necessary to much increase the strength of 
the acid or greatly prolong the boiling in order to materially affect 
the result. It is therefore possible, under similar conditions, to 
obtain a uniform proportion of ammonia by distilling with mag- 
nesia. That al/ the ammonia, thus obtained, is derived from 
ammonium salts formed by the action of the boiling acid on 
amides is improbable, in view of Schulze and Winterstein’s obser- 
vation and also that of Hart. 

We have, in the following investigation, determined the ammo- 
nia yielded by various preparations of the same protein on distil- 
lation with magnesia, and have, as inspection of the figures given 
in the following pages shows, obtained such uniform results that 
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they afford a ready means for comparing supposedly identical 
proteins. : 

Whether Hausmann’s method can be modified so that the results 
will show the true proportion of basic nitrogen yielded by the 
proteins, will require more extended investigations than have as 
yet been undertaken. It will be shown later in this paper that, 
under the conditions which we have employed, the amount of 
basic nitrogen precipitated by phosphotungstic acid corresponds 
pretty closely with that contained in the histidine, arginine and 
lysine which Kossel and Kutscher? found in several proteins from 
cereal grains, but falling, as would be expected from the known 
slight solubility of arginine phosphotungstate, a little below them. 

Unfortunately, these investigators did not examine any of the 
proteins yielding large amounts of basic nitrogen, except histone, 
and we have at present no accurate knowledge of the proportion 
of arginine, histidine and lysine which any of these contain. The 
determinations made by Schulze and Winterstein show that 
edestin and conglutin contain large proportions of these diamino- 
acids, but they did not employ pure conglutin and their determi- 
nations were made by Kossel’s older method which, supposedly, 
does not yield such reliable results as the later one, recently devised 
by Kossel and Kutscher. Furthermore, we have no evidence that 
these three diamino acids are the only basic decomposition prod- 
ucts of proteins and it may well be that further investigation will 
reveal the presence of others in some of the vegetable proteins, 
especially those rich in nitrogen. 

Kutscher lays much stress on the solubility of the phosphotung- 
stic acid precipitate, but our experience has not led us to consider 
that it is soluble to such an extent as he would have us believe. 
When the phosphotungstic acid precipitate separates in abundance, 
we have frequently noticed that it forms a relatively stiff jelly 
which, on stirring, diminishes greatly in volume and after a time 
becomes partly crystalline, as shown by the microscope. The 
same phenomenon, though less marked, usually occurs on wash- 
ing, the precipitate diminishing in volume and becoming more 
crystalline, but not, so far as we have observed, dissolving to a 
noticeable extent. 

That the amount of nitrogen precipitated by phosphotungstic 
acid varies with the conditions, is evident from the facts brought 


1 Zischr. physiol. Chem., 31, 165 (1900). 
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forward by Kutscher, who, however, worked under extreme con- 
ditions, his solutions being very concentrated and the amount of 
phosphotungstic acid very large, so that coprecipitation of the 
monamino acids might be expected. 

To determine the best way of employing Hausmann’s method, 
we have tried the following experiments with a very pure prepa- 
ration of crystallized edestin from the hemp seed: 

I. One gram of the air-dry crystals of edestin was boiled for 
about seven hours with 12 per cent. hydrochloric acid, the solu- 
tion evaporated to a small volume in order to remove most of the 
excess of hydrochloric acid, diluted with water, distilled with 
magnesia and the ammonia determined. The residual solution 
was then filtered, concentrated to approximately I00 cc., 5 grams 
of sulphuric acid added and then, after cooling, a solution of 
phosphotungstic acid of unknown strength, until no further pre- 
cipitation occurred at once on adding more of the reagent to the 
clear solution above the precipitate. After twenty-four hours, 
the precipitate was filtered out and washed with a dilute solution 
of phosphotungstic acid containing some sulphuric acid. Nitrogen 
was then determined in the precipitate together with the filter. 

II. One gram of the same preparation of edestin was dissolved 
in dilute hydrochloric acid, somewhat more than an equal volume 
of concentrated acid added and the solution boiled with a reflux 
condenser for seven hours. After boiling a short time, the excess 
of hydrochloric acid passed out of the condenser so that the solu- 
tion soon came to contain about 20 per cent. of the acid. The 
solution was then treated like I, and the nitrogen determined in 
the residue, filtered out after distilling off the ammonia. The 
filtered solution was then concentrated to 100 cc., 3 cc. of concen- 
trated sulphuric acid added and, after cooling to about 20°, a 
solution containing 20 grams of phosphotungstic acid and 5 grams 
of sulphuric acid per 100 cc. was added, I or 2 cc. at a time, as 
long as an immediate precipitate formed in the solution cleared by 
subsidence. For this purpose, 15 cc. of the phosphotungstic acid 
solution were required. After standing half an hour, this pre- 
cipitate was filtered out and 15 cc. more phosphotungstic acid were 
added. The solution remained clear for a few seconds and then 
slowly yielded a second voluminous precipitate which the micro- 
scope showed to consist of spherical aggregates of narrow crys- 
talline plates together with amorphous matter entangled in a 
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very voluminous jelly. No noticeable difference existed in the 
appearance of this precipitate and that first thrown down. On 
stirring, the voluminous precipitate, which at first filled nearly the 
whole of the solution, settled rapidly to a slight crystalline deposit, 
After standing several hours, the clear solution was decanted and 
35 cc. more of the phosphotungstic acid solution were added. 
After standing over night, a mere trace only of the precipitate 
separated from this last solution. The two precipitates first 
formed were washed with a solution containing 2.5 grams of phos- 
photungstic acid and 5 grams of sulphuric acid per 100 cc. and 
nitrogen determined in them. 

III. One gram of the edestin crystals was treated in the same 
way as II, except that after adding the first 15 cc. of phospho- 
tungstic acid the solution was allowed to stand twenty-four hours 
before filtering, no more phosphotungstic acid being added. 

IV. One gram of the edestin was treated like III, except that 
30 cc. of the phosphotungstic acid were used. The filtrate from 
the precipitate thus produced was made up to 500 cc. and nitrogen 
determined in 100 cc. of it. 

V. One gram of the edestin was treated like III except that 
60 cc. of the phosphotungstic acid were added. 

The results of these determinations in per cent. of the edestin 
dried at 110° were the following: 


I. Il. II. IV. v. 
Phosphotungstic acid added.. ? cc. I5 cc. + 15 cc. 15 cc. 30CC. , 60cC, 
Nitrogen as ammonia.......- 1.93 1.86 1.86 1.86 1.86 
is Ee (5.0 
Basic nitrogen ..++ sees eee 5.68 i: - 5-39 5-98 6.06 
o/ 
Non-basic nitrogen ...... ++. 10.23 see ses 10.01 
Nitrogen in magnesium oxide , 
precipitate .....-.... eee see O.11 O.1I 0.13 0.11 
17.94 17.98 


These figures show that the amount of ammonia formed is 
very uniform, even though the strength of the acid varies consid- 
erably,—from 12 to 20 per cent. The amount of basic nitrogen 
found in III shows that 15 cc. of the phosphotungstic acid is not 
enough, a result confirmed by the figures under II, where the 
addition of 15 cc. more phosphotungstic acid to the filtrate from 
the precipitate produced by the first 15 cc. yielded a second pre- 
cipitate containing 0.7 per cent. more nitrogen. As 60 cc. of 
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phosphotungstic acid in V gave the same result as 30 cc. in IV, it 
would appear that the latter quantity was sufficient for complete 
precipitation and that a considerable excess of the precipitant 
has no solvent action, as might have beenexpected from Kutscher’s 
statements. 

The sum of the different forms of nitrogen falls considerably 
below the total nitrogen contained in edestin, namely, 18.64 per 
cent. This deficiency probably falls, for the most part, on the 
non-basic nitrogen, as it is difficult to determine this with accu- 
racy, because only one-fifth of the solution can be employed and 
consequently all errors arising from incomplete oxidation during 
digestion with sulphuric acid are multiplied by five. Owing to 
the large amount of phosphotungstic acid present, larger quanti- 
ties of the solution cannot well be used, and even with one-fifth, 
the solution bumps so badly, on boiling with sulphuric acid, that 
it is very difficult to effect complete conversion of the nitrogen 
into ammonia. It is better, therefore, to omit this determination 
and find the amount of non-basic nitrogen by difference. 

It is evident from the results of these comparative determina- 
tions that a considerable latitude in the conditions may occur 
without noticeably affecting the result, so that uniform results 
may be obtained by using Hausmann’s method under suitably 
defined conditions. 

The method which we have adopted is the following: About 1 
gram of the protein is boiled with 20 per cent. hydrochloric acid 
until the solution no longer gives the biuret reaction, usually from 
seven to ten hours. It is then evaporated on the water-bath to 
2-3 cc. and the bulk of the free hydrochloric acid thus removed. 
The residual solution is transferred to a flask with about 350 ce. 
of water, and a cream of magnesia which has been freed from 
every trace of ammonia by long boiling is added until in slight, 
but distinct excess. After distilling and determining the ammo- 
nia, the solution in the flask is filtered through nitrogen-free paper 
and the residue, thus collected, washed thoroughly with water, 
and nitrogen determined in it, together with the paper, by Kjel- 
dahl’s method. The filtered solution is next concentrated to 100 
cc, cooled to 20°, 5 grams of sulphuric acid added, and then 30 
cc. of a solution containing 20 grams of phosphotungstic acid and 
5 grams of sulphuric acid per 100 cc. _ After twenty-four hours, 
the precipitate is filtered out and washed with a solution containing 
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2.5 grams of phosphotungstic acid and 5 grams of sulphuric acif 
per 100 cc. The washing is effected by rinsing the precipitate 
from the filter into a beaker and returning to the paper thre 
successive times, each portion of the wash-solution being allowed 
to run out completely before the next is applied. About 200 cr, 
of washings are thus obtained.? 

The nitrogen contained in the precipitate is then determined by 
transferring it to a flask of Jena glass holding 600 cc. and digest 
ing with 35 cc. of sulphuric acid for seven or eight hours. During 
the digestion, potassium permanganate crystals are added three or 
four times. In the few cases, where the phosphotungstic acid 
precipitate is small, less sulphuric acid is used, enough being 
taken in each case to prevent too violent bumping. The remaining 
nitrogen, belonging chiefly to monamino acids, is found by sub- 
tracting the sum of the nitrogen found in the preceding operations 
from the total nitrogen contained in the protein under examina 
tion. 

THE BINDING OF NITROGEN IN VARIOUS PURE PROTEINS. 

In studying the amount of furfurol yielded by various protein 
substances when distilled with 12 per cent. hydrochloric acid, we 
obtained solutions containing their decomposition products in 
which we determined the proportion of the different groups of 
nitrogen compounds in the same way as described in Experi 
ment I with edestin. In the following pages these results are 
marked a. 

We later studied Hausmann’s method more carefully and, after 
trying the experiments already described, adopted the method just 
given. The results thus obtained are marked b. 

In nearly all of these proteins we determined the amount of 
non-basic nitrogen directly, but as in many cases the sum of the 
nitrogen in the several groups of compounds fell below the total 
contained in the preparation, we give in the following pages the 
amount found by difference, which we consider to be more nearly 
correct than that found by direct determination. 


Edestin. 


The name edestin was first applied to the globulin obtained by 


1 Hausmann directed that the washing be continued until the fluid ran out colorless, 
but in all the solutions which we precipitated with phosphotungstic acid there was either 
no coloring-matter at all or so little that the solution was, at the most, only a pale straw 
color. This was probably due to precipitation of humus by magnesia. 
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the writer from several different seeds’ and in this paper he says 
that ‘this substance (the globulin of the cotton seed) agrees in 
composition with the vitellin which exists in the seeds of wheat, 
maize, hemp, castor bean, squash and flax. As the properties of 
the preparations obtained from all these sources are substantially 
alike, there can be little doubt that one and the same proteid exists 
in them all. For this body we adopt the name edestin, from 
the Greek edestos, signifying edible, in view of its occurrence in 
so many important food-stuffs.”’ 

In an earlier paper on “Crystallized Vegetable Proteids’* the 
writer compared the crystallized globulins from the hemp seed, 
castor bean, flax seed and squash seed and showed that in crystal- 
line form, composition and reactions the various preparations 
were practically alike. In conclusion he stated: “It is impossible 
to assert that these four globulins are the same, but, since differ- 
ences exist between different preparations of globulin from the 
same seed as great as those found among the globulins of these 
different seeds, the writer is disposed to consider these four globu- 
lins as identical.” 

As it has since been found that most of the differences above 
referred to are caused by different minute proportions of combined 
acid,® whereby different salts of the protein were formed, it seemed 
even more probable that these four globulins were one and the 
same substance. 

In another paper by Osborne and Campbell* the supposition was 
advanced, based on analyses by Chittenden, that the globulin of 
the cocoanut, which is obtained in crystals, is probably edestin. 

In a paper on the proteids of the sunflower seed, Osborne and 
Campbell® state that “it is therefore our opinion that the sun- 
flower seed contains, as its principal proteid, the globulin edestin, 
but that, as obtained by extraction from the seed, this is mixed 
with helianthotannic acid, from which we have not succeeded in 
Separating it completely.” 

We have now determined the different forms of nitrogen in 
such of these preparations as are at present available, with the 
following results: 


1 Report Conn. Agr. Expt. Station for 1893 and this Journal, 16, 778 (1894). 

2 Am, Chem. /., 14, 662 (1892). 

3 Report of Conn. Agr. Expt. Sta. for 1896, p. 369, and this Journal, 19, 482 (1897) ; also 
this Journal, 21, 486 (1899) and Report Conn. Agr. Exp. Sta. for 1900, p. 399. 

4 Report Conn. Agr. Expt. Sta. for 1895, p. 288, and this Journal, 18, 609. 

5 Report Conn. Agr. Expt. Sta. for 1896, p. 374, and this Journal, 19, 487. 
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PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN PROTEINS 
HERETOFORE SUPPOSED TO BE EDESTIN. 


6 ee 
& Me Ac 
= : ~ &% 3 
7 5 bs m6 , g 
g 1) & ee bo 
S S y poe ae 
= = % fon 
v I % U.S = 
ob Mes Pe wend be 
2) YZ on) oy i} 
= = su = e s§ 
= 4 Pd Ct i m ° 
Source. Z =) vA a & 
( @ 1.93 5.68 I1.04 ++. 18.64 
Hemp seed (Cannabis sativa)..-- 1 6 1,86 5.98 10.68 0.13 «++ 
c 1,86 6.c6 10.62 o.11 
Cotton seed (Gossypium herba- 
CELUI) vecceeccccer'cocessvees @ 1.92 5.71 I-08 -+» 18.64 
sk @ ABs 6.02 I1.05 0.07 18.48 
Cocoanut (Cocos nucifera). .ss00- 34 ? 7 4 
6 1.38 6.1f 10.79 0.20. ove 


Castor bean (Ricinus communis) - @ 1.96 5.64 11.03 0.12 18.75 
i I! a 2.06 4.77. 11.60 0.05 18.48 
| II 6 1.89 4.68 11.64 0.27. os. 

Flax seed (Linum usitatissimum) 4 we ; en sen _ rh ne: 
| V b&b 2.04 4.56 11.66 0,22 
[ VI. 6 ‘2.00. 4:86 39:37 0:25 +s 

I 6 1.36 5.93 11.04 0.18 18.51 

Squash seed (Cucurbita maxiina) II 5 1.21 6.04 II.0oI 0.25 

III 6 1.26 5.94 11.08 0.23. «ess 
Sunflower seed (Helianthus an-( @ 2.55 4.33 11.46, 0.24 18.58 
OR ascpexcecenesdecess rae a 6 2.58 4.21 11.55 0.24 « eee 


56 1.49 6.66 10.04 0.20 18.39 


Wheat kernel ( 7rt/icum vulgare) ) a ee Or 9.60 0.35 
35 7: . le tees 


These figures show that the globulins from hemp seed, cotton 
seed and castor beans contain practically the same proportion of 
nitrogen in each of the different forms; that the globulins of the 
cocoanut and squash seed are very nearly alike but contain 
so much less nitrogen as ammonia than the globulins of the 
three seeds first named that there can be no doubt that they are 
distinctly different proteins; that the globulin of the flax seed and 
that from the sunflower seed contain very much less basic nitrogen 
than the others, but that the former is distinguished from the latter 
in yielding 0.5 per cent. less nitrogen as ammonia. The globulin 
from wheat is characterized by containing by far the largest pro- 
portion of basic nitrogen of any of these globulins and far more 
than any of the other proteins described in the following pages. 


1 All sets of figures used in this paper which are marked with Roman numerals were 
obtained from different preparations; those showing more than one determination on the 
same preparation are included in brackets. 
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We have not been able to determine the proportion of the differ- 
ent forms of nitrogen in the globulins of seeds of rye, barley and 
maize, which are very similar in properties and composition to 
that of wheat, and can therefore assert nothing as to the relations 
of these apparently identical proteins. 

The facts here presented raise the question as to which of the 
above proteins should now be called edestin. Although the writer 
first applied the name edestin to the globulin of the cotton seed 
together with that “which exists in the seeds of wheat, maize, 
hemp, castor bean, squash and flax” he always considered that the 
crystallized globulin from the four seeds last named best repre- 
sented this substance. We now find that only the globulins of 
hemp seed, castor bean and cotton seed are alike in respect to the 
proportion of their several nitrogenous decomposition products. 
In another paper we show that the globulin from cotton seed 
gives a strong Molisch reaction while those from the hemp-seed 
and castor bean give none at all. We have then only two of the 
above globulins, with the possible exception of those of wheat 
and maize, which can still be considered alike, namely those from 
the hemp seed and castor bean. It seems best, therefore, to retain 
the name edestin for the globulin of these latter seeds, especially 
as it is now very generally applied to that from hemp seed. 
Whether the globulins from these two seeds are in fact alike is 
rendered doubtful by the other results of this investigation, for 
only those proteins appear to be identical that originate from seeds 
which are closely related botanically, e. g., legumin from the pea, 
horse bean, lentil and vetch, vicilin from the pea, horse bean and 
lentil, gliadin from wheat and rye, and phaseolin from the kidney 
bean and adzuki bean. 


Legumin. 


In the seeds of the pea, lentil, horse bean and vetch, Osborne 
and Campbell! studied the protein substance legumin, which, so 
far as a rigid comparison of the properties and composition of 
preparations from each of these seeds could show, appeared to be 
one and the same protein. A determination of the different 
forms of nitrogen in legumin from these four seeds has given the 
following results: 


1 Report of the Conn. Agr. Expt. Sta. for 1807, pp. 324, 337, 393, 361, and this Journal, 
20, 348, 362, 393, 406 and 419. 
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PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN LEGUMIN. 
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; : b 1.66 12 Io. 0.2 17.91 
Pea (Pisum Sativum) «.-eeeeeees iii a4 7 a9 
b 1.72 5.43 10.56 0.20 vee 
Lentil (2 rviii lens) ..eeseveeeees b 1.69 5.16 11.03 O:1f 17:09 
Horse bean ( Vicia faba)....+++-- 6b 1.62 “4.02 1:34 Gr 7:99 
Vetch (Vicia sativa) .se.eeeeeee- 6 1.75 5.17 10.90 0.18 18.00 


In view of these results, and the fact that legumin from each of 
these seeds has the same composition and reactions, there can be 
little doubt as to the identity of the several preparations. 





Phaseolin. 


The writer has found that the chief protein in the seeds of the 
kidney. bean is a globulin, to which he gave the name phaseolin.* 
Later Osborne and Campbell found? in the Japanese adzuki bean 
a globulin which was so like phaseolin, both in properties and 
composition, that it was stated to be that protein. They also 
found in the soy bean® a protein similar in properties and compo- 
sition to phaseolin, in regard to which they say, “The soy bean 
meal contains a more soluble globulin which resembles phaseolin 
in composition and, so far as we could ascertain, also in its reac- 
tions. The amount of this protein is small and the evidence that 
it is in reality phaseolin is not wholly satisfactory.” 


The following table contains the determinations of the different 
forms of nitrogen yielded by a number of fractional precipitates 
of phaseolin from the kidney and adzuki beans and also by prepa- 
ration ro from the soy bean. 


1 Report Conn. Agr. Expt. Sta. for 1893, p. 186, and this Journal, 16, 633, 703 and 757. 
2 Report Conn. Agr. Expt. Sta. for 1896, p. 387, and this Journal, 19, 509. 
3 Report Conn. Agr. Expt. Sta. for 1897, p. 374, and this Journal, 20, 4109. 
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PERCENTAGE OF NITROGEN IN THE DIFFERENT FORMS IN PHASEOLIN. 





B } a 
s M eo 
¢ & = ged & 
2 a a a 3 
Source. 2 = Z Z fe 
f I 6 1.63 3.65 10.54 0.38 16.20 
; aed (@ 1.74 3.48 
FS Bon was time ) cauloarssc) J 
Kidney bean ( Phaseolus vulgaris) | II 15 1.77 385 10.29 0.29 
[III 6 1.63 3.51 10.74 0.32 
fy §6 I.7z - Fugen ere 
| (6 1.69 4.32 9.99 0.20 
Il {5 1.738 +++ sees 0.38 
(6 1.69 4.10 10.15 0.26 
9 
Adzuki bean ( Phaseolus radiatus) j III (Fe 595 4 9 
(6 1.77 4.24 10.03 0.16 
| Iv \6 1.70 re seee 0.30 
(6 1.69 4.17 10.16 0.18 
| Vv (5 1.76 4.11 10.05 0.28 
l (6 1:% 413: aes 
Soy bean (Glycine hispida).....- TO [eo Ee 38) ee OM 


(6 1.97 4.02 9.99 0.22 

Although the amount of basic nitrogen found in the phaseolin 
from the adzuki bean is distinctly and uniformly more than in 
that from the kidney bean, we are not inclined to consider the 
difference, which hardly exceeds the error of analysis, to be 
sufficient to warrant the conclusion that the globulins from these 
two seeds are different substances, especially as no other differ- 
ence of any sort has been found between them. 


Legumelin, 
In most of the leguminous seeds which have been examined in 
this laboratory, a protein has been found which is soluble in 
exceedingly dilute saline solutions, is coagulated at about 60° and 
is obtained by dialyzing in alcohol the solutions previously freed 
from globulin by dialysis in water. It is thus separated in a 
coagulated form and can be freed from proteoses and other 
soluble, contaminating substances by washing with water. The 
properties, composition and occurrence of legumelin are given in 
a paper by Osborne and Campbell.’ 
The proportion of the different forms of nitrogen in legumelin 
is given in the following table, the designations of the prepara- 
1 Report Conn. Agr. Expt. Sta. for 1897, p. 365, and this Journal, 22, 410. 
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tions being those of products whose analyses were given under 
the same numbers in the papers already referred to. 


PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN LEGUMELIN. 
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Pea (Pisum sativum) «+06. seee S 4 16 1.02 3.75 10.87 0.48 16.12 
( 42 6 1.04 4.05 10.84 0.28 16.21 
75 6 1.04 3.69 10.88 0.45 16.06 
Lentil (Zrvumi lens) ..0.0.eeeeee {5 6 1.10 3.38 11.18 0.g0 15.96 
66 6 I.IL 3.70 10.93 O51 16.25 
Horse bean (Vicia faba) ...--+.- 96 5b 0.96 3.42 II.1I0 0.44 15.92 


Adzuki bean (Phaseolus radiatus) 6 {; of 30 my A Me 


6 1.09 3.74 10.97 0.30 

All these preparations are characterized by yielding a ducidedy 
smaller proportion of nitrogen as ammonia than any of the other 
proteins examined, with the exception of leucosin, which will next 
be discussed. The results obtained agree fairly with one another 
and make it highly probable that legumelin from the several seeds 
is one and the same protein substance. 

Leucosin. 

In the seeds of wheat, rye and barley there is found a small 
quantity of a protein having the properties of an albumin, being 
soluble in water and coagulable by heat at 52°.1. In the wheat 
kernel the leucosin is contained chiefly in the embryo, of which 
it forms about 10 per cent.,? while in the whole wheat, including 
the embryo, only about 0.3 or 0.4 per cent. is present. 

The proportion of the different forms of nitrogen in leucosin 
were found to be as follows: 


PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN LEUCOSIN. 


ro } bes 
z - 0 
o ° ~ e- x 
w > pe Sn o 
& 26 = aes bo 
2 Z g oul = 
U.S = = oso = 
23 2 46 §88¢ -« 
aS 3 Pe) eUE Ss 
#& = o bb sea 3S 
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4 I 1.18 3.58 17.76 0.41 16.93 
Wheat ( 7riticum vulgare) < II 1.15 3.45 11.75 0.58 ve 


III 1.16 3.48 11.99 0.30 


1 Osborne and Voorhees: Am. Chem. /.,1§, 392 (1893) ; Osborne : Report Conn. sae 
Expt. Sta. for 1894, p. 147; this Journal, 17, 429 (1895) ; Osborne: Report Conn. Agr. Expt. 
Sta. for 1894, p. 165 ; this Journal, 17, 539 (1895). 


2 Osborne and Campbell: Report Conn. Agr. Expt. Sta. for 1899, p. 305. 
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These results are similar to those obtained for legumelin, with 
which protein leucosin agrees closely in composition, reactions 
and temperature of coagulation. Leucosin yields the smallest 
proportion of basic nitrogen of any of the proteins examined 
except glutenin and the alcohol-soluble proteins. 

Vicilin. 

In the seeds of the pea, lentil and horse bean there is a consider- 
able quantity of a globulin associated with legumin, which is 
characterized by containing an extremely small proportion of 
sulphur. The properties of vicilin are given in a paper by 
Osborne and Campbell? and the proportion of nitrogen in different 
groups in the following table: 


PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN VICILIN. 


P : he 
& : be ze= 
= bo 5 eos 1) 
as = Y nae = 
us = a o 56 = 
ws 60UlC«<‘iRG COC 
2° 2 20 232 3 
; x5 a © 0 saa 5 
Source. Z es) Zz vA a) 
Horse bean (Vicia faba).... 6b 1.93 4.53 10.35 0.23 17.04 
Lentil (Zrvum lens) «.+++++: b 1.75 4.59 10.77 0.13 17.24 
Pea (Pisum sativum) ..+++-- b 1.67 5.12 10.00 0.26 17.05 


These results, while not in quite as close agreement as most of 
our others, are, in our opinion, near enough to one another to 
warrant the conclusion that the preparations from the different 
seeds are identical. The higher result for basic nitrogen in 
vicilin from the pea is, perhaps, due to the fact that 1.5 grams, 
instead of I gram, was used by mistake, and of the horse bean and 
lentil vicilin only 0.75 gram of each was available for the determi- 
nation. Unfortunately, no more of these preparations is left, so 
that the determinations cannot now be repeated. 


Conglutin. 

In the blue and yellow lupine, Osborne and Campbell* found 
globulin, in large proportion, which could be separated, by frac- 
tional precipitation, into two parts of different composition. The 
differences between the extreme fractions, in the case of the blue 
lupine, were only slight, suggesting the admixture or combination 
of some other substance. The differences between the extreme 


1 Report Conn Agr. Exp. Sta. for 1897, p. 365, and this Journal, 20, 410. 
2 Report Conn. Agr. Expt. Sta. for 1896, p. 342, and this Journal, 19, 454. 
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fractions from the yellow lupine were, however, so considerable 
that it was a question whether or not two different proteins were 
present in this seed. The least soluble fractions of the globulin 
from the yellow lupine agreed in composition and reactions closely 
with the corresponding fractions from the blue lupine and were 
designated conglutin. The most soluble fractions differed in 
reactions and composition, especially in sulphur content, those 
from the yellow lupine containing more than three times as much 
sulphur as those from the blue lupine. The results of that in- 
vestigation indicated that some organic substance, rich in sulphur, 
was present in these seeds, much more in the yellow than in the 
blue lupine, which combined with the conglutin and could be 
separated only with difficulty. It was, however, found’ that on 
treatment with hot alkaline solutions the same proportion of sul- 
phur was split off as sulphide from the preparations rich in sul- 
phur as from those poor in this element. As it seemed improb- 
able that a contaminating sulphur-containing substance should 
contain the same proportion of sulphur convertible into sulphide 
as did the protein, it became a question whether or not there were 
two different proteins present. Hoping that we might get some 
evidence bearing on this point, we have determined the proportion 
of nitrogen in the different groups in several preparations from 
these seeds, with the following results, the designations of the 
preparations being the numbers of the preparations described in 
the papers referred to. 


PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN CONGLUTIN. 
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Blue lupine (Lupinus an- 
LUStISOLLUS) + +200 vos 37 @ 2.12 5.52 10.21 0.09 17.94 
"4 2 @ 2.18 5.25 10.36 0.05 17.84 
| 23 6 2.14 4.90 10.65 0.24 17.93 
S ; 5 2.00 5.06 10.65 0.22 «.-- 
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Pe es AL, 2.68 5.20 10.30 0.03 18.21 
[3° 31 © 3705 2.61 5.06 10.29 0.25 


1 Report Conn. Agr. Expt. Sta. for 1900, p. 443, and this Journal, 24, 140. 
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Between the conglutin from the blue lupine and the less soluble 
no difference in the proportion of nitrogen belonging to the 
different groups. The more soluble globulin of the yellow lupine, 
different groups. The more soluble globulin of the yellow lupine, 
which contains a much larger proportion of sulphur, yields a dis- 
tinctly greater amount of ammonia than do the other preparations, 
as shown by the figures given last in the table. Whether or not 
this excess of ammonia, as well as that of the sulphur, is caused 
by some non-protein substance combined with the conglutin of 
these fractions is not shown by these determinations. 

Corylin. 

In the hazel nut, Corylus, and English walnut, Juglans regia, is 
a large quantity of globulin to which the writer gave the name 
corylin.1 We have recently obtained from the American black 
walnut a similar globulin which closely resembles that contained 
in the two nuts first mentioned. The proportion of nitrogen in 
the different groups in these globulins was found to be as follows: 

PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN CORYLIN. 
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The distinctly smaller proportion of ammonia nitrogen obtained 
from the black walnut globulin indicates a difference between 
these two proteins. The fact that these seeds are not closely 
related botanically, likewise makes this more probable and renders 
necessary a strict comparison of these two proteins with that of the 
English walnut, which will be made as soon as a supply of the 
globulin from the latter nut is obtained. 


Other Plant Globulins. 
The following table gives the results of our determinations of 
the proportion of the different forms in which the nitrogen was 
found in proteins which we have thus far obtained from the seeds 


of but one species of plants. 
1 Report Conn. Agr. Exp. Sta. for 1895, p. 288, and this Journal, 18, 609 (1896). 
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PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN VARIOUS 
PLANT GLOBULINS. 
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Amandin yields a larger proportion of nitrogen as ammonia 
than any of the other globulins and about the same proportion of 
basic nitrogen as the average of the majority of the other proteins 
examined. In this respect it differs from the other globulins 
rich in nitrogen which yield a much larger amount of basic 
nitrogen. Amandin must, therefore, have a decidedly different 
structure from these. The figures given in this table for the 
other proteins require no special comment. 


NITROGEN IN THE DIFFERENT GROUPS IN ALCOHOL-SOLUBLE 
PROTEINS. 


Kossel and Kutscher’ have recently decomposed the alcohol- 
soluble proteins of wheat and maize kernels and have determined 
the proportion of ammonia, histidine and arginine which results. 
They found that lysin was entirely absent, although this diamino 
acid had been found in all the proteins previously examined, and 
also that the proportion of arginin was much less than that found 
in other proteins. 

The results of our determinations by Hausmann’s method of 
the different forms of nitrogen in several alcohol-soluble proteins 
are in harmony with the results obtained by Kossel and Kutscher, 
as the following table shows: 


1 Zischr. physiol. Chem., 31, 165. 
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PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN ALCOHOL-SOL- 
UBLE PROTEINS. 
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Kossel and Kutscher' made determinations of the diamino 
acids in preparations believed to represent the three alcohol- 
soluble proteins, mucedin, gliadin and gluten fibrin, which Ritt- 
hausen* described as constituents of wheat gluten, and state that 
their preparations were made according to Ritthausen’s directions. 
Unfortunately, the writer has never been able to understand Ritt- 
hausen’s explanation of the process by which these three proteins 
were prepared, although he has devoted much time and attention 
to its description. We have been unable, therefore, to prepare 
products which could be considered to fairly represent these three 
proteins, but the very extensive study of a large number of frac- 
tions obtained from alcoholic solutions of every possible strength 
failed to give Osborne and Voorhees*® any evidence whatever of 
the existence in the wheat kernel of more than one protein which 


1 Zischr. physiol. Chem., 31, 165. 
* ‘* Die Eiweissk6rper, etc.,’’ Bonn, 1872. 
3 Am. Chem. J., 1§, 392. 
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is soluble in alcohol. Kjedahl' came to the same conclusion, as 
he says there can be only one alcohol-soluble protein in wheat 
since both composition and [@], are constant. 

The only noticeable difference which Kossel and Kutscher found 
between their preparations of so-called gluten fibrin, gliadin and 
mucedin lay in the proportion of histidine. The amount of this 
substance found in their gliadin was a little less than in gluten 
fibrin and distinctly less in their mucedin than in the other two 
preparations. As only one determination was made in each of 
these products, the figures given require confirmation before the 
differences, which, as Kossel and Kutscher say, “are at the most 
only very slight,” can be accepted as evidence of the presence of 
three alcohol-soluble proteins in the wheat kernel. 

The nitrogen belonging to the histidine and arginine, which 
Kossel and Kutscher found, formed 1.39 per cent. of the gluten 
fibrin, 1.13 per cent. of the mucedin and 1.21 per cent. of the 
gliadin, which is equal to a mean of 1.24 per cent. in the three 
preparations. .The amount of nitrogen which we precipitated by 
phosphotungstic acid from the solution of the decomposition 
products of gliadin falls a little below this figure, as would be 
expected from the known solubility of arginine phosphotungstate, 
of which this precipitate chiefly consisted. Gulewitsch’ found 
when arginine is precipitated from 100 cc. of solution by phospho- 
tungstic acid that 7 milligrams remain dissolved. This amount 
of arginine contains 2.2 milligrams of nitrogen which, if added to 
the average quantity found by us to be precipitated by phospho- 
tungstic acid, gives 1.2 per cent. of basic nitrogen against 1.24 per 
cent. found by Kossel and Kutscher. 

The amount of nitrogen in the arginine and histidine which 
Kossel and Kutscher found in zein was equal to 0.8 per cent. of 
the protein. If the amount of nitrogen corresponding to the 
solubility of arginine phosphotungstate is added to the average of 
our determinations of the basic nitrogen in zein, we have 0.71 per 
cent., which agrees very closely with Kossel and Kutscher’s 
result. 

The amount of nitrogen as ammonia which Kosseland Kutscher 
obtained from these alcohol-soluble proteins was decidedly less 
than that found by us, doubtless because a part of the ammonia 

was precipitated from their solutions with the humus substance. 


1 Agriculturchem. Centrbl., 25, 197 (1892). 
2 Ztschr. physiol. Chem., 27, 196. 
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These investigators also determined the proportion of diamino 
acids in the protein of wheat gluten that is insoluble in alcohol 
which they, following Ritthausen, call gluten casein, but which 
we prefer to call glutenin, since no near relation between 
it and the milk caseins exists, as was formerly supposed. The 
results of our determinations of the different groups of nitrogen 
in this protein were the following: 
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Kossel and Kutscher found in glutenin 2.14 per cent. of nitro- 
gen belonging to the diamino acids, histidine, arginine and lysine, 
with which figure the average of ours of 2.05, or, allowing for the 
solubility of arginine phosphotungstate, 2.27 is in good agreement. 
The amount of ammonia which they found was, as for the other 
proteins examined, less than that which we found, namely, 2.02 
per cent. as against 3.31 per cent. found by us. 

Kossel and Kutscher think that it is probable that, under the 
condition of their experiments, some of the ammonia unites with 
the humus, as suggested by Udransky,’ and is estimated with the 
nitrogen of that substance. 

Hart? has since found that on adding sodium chloride or sodium 
sulphate to the sulphuric acid with which he decomposed the 
proteins, that the amount of ammonia nitrogen was increased and 
that of the humus correspondingly diminished, which 
shows that a part of the ammonia is removed when the 
humus is separated from the solution before distilling with 
magnesia. By decomposing zein under these conditions, Hart 
found 2.65 per cent. of nitrogen as ammonia and none in the 
humus precipitate. That he found less than we is probably be- 
cause he used barium carbonate instead of magnesia to expel the 
ammonia, though he does not say definitely that he did so. He 
has shown that barium carbonate yields less ammonia than 


1 Ztschr. physiol. Chem., 12, 42. 
2 Jbid., 33, 347. 
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magnesia, as the latter, according to his view, acts on some of 
the nitrogenous substances other than ammonium salts. 

In conclusion we give some results, obtained with very pure 
preparations of casein, crystallized ovalbumin, conalbumin and 
nucleovitellin from the yolk of hen’s eggs. 


PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN SOME ANIMAL, 


PROTEINS. 
: : we 
K F = ey ¢ 
2 v 5 CIES 
: s : ae 3 
Ea = 7 ses 2 
52 3 ze ges g 
Protein. z & Z ae = 
— fa 1.65 3-46 oe 15.62 
b 1.58 3:8 10.30 0.21 . 
: 5 3-5 
: (a se 3.22 Steieys as 15.51 
Ovalbumin ... < 35 oe 5-5 
(6 r.32 3-38 10,52 0.29 areas 
iain § b 1.23 4.10 10.57 0.21 16.11 
(6 1.18 4.21 10.41 0.31 sees 
ee b 12 .60 10.28 0.! 16.28 
Nucleovitellin . 4 9 
b 1.28 4.69 10.07 0.24 aie 


The conalbumin was obtained by removing from an ammonium 
sulphate solution of egg white all of the crystallizable ovalbumin 
and then separating the protein substance which was deposited 
in spheroids by further evaporation. The aqueous solution of 
the latter substance was dialyzed in distilled water until all the 
ammonium sulphate was removed and the conalbumin coagulated 
by heating to 60°. The composition and properties of conalbumin 
are given in a recent paper by Osborne and Campbell,’ whose 
observations respecting conalbumin have since been confirmed by 
Langstein.? 

As conalbumin closely resembles ovalbumin in properties and 
composition, it seemed quite possible that it consisted simply of a 
compound of the latter with some other substance and that the 
protein part of the molecules of the two albumins might be the 
same. The results of our determinations show such wide differ- 
ences in the proportion of basic nitrogen that there can be little 
doubt that these albumins are two distinctly different substances. 
Schulze* has come to the same conclusion as a result of his study 
of the “gold numbers” of these two albumins. 


1 Report Conn. Agr. Expt. Sta. for 18co, p. 348 ; also this Journal, 22, 422. 
2 Hofmeister’s *‘ Beitrage,’’ 3, p. 83 (Igo!). 
3 Jbid., 3, Pp. 137 (1902). 
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The amount of nitrogen as ammonia which we obtained from 
crystallized ovalbumin, namely, 1.35 per cent., is in very close 
agreement with the 1.32 per cent. found by Hausmann. Likewise 
we both found nearly the same amount of basic nitrogen, 3.22 
and 3.31 per cent., whereas Kossel and Kutscher found consider- 
ably more, 7. e., 4.19. We have, unfortunately, been unable to 
find the conditions under which this last figure was obtained, it 
being quoted by Kutscher without reference to any publication. 
As the ovalbumin used does not appear to have been crystallized 
ovalbumin, it is possible that conalbumin may have contributed to 
the higher result. 

Our determinations of nitrogen as ammonia yielded by milk 
casein agree with those calculated from Kutscher’s figures, as- 
suming that his casein contained 15.62 per cent. of nitrogen. 
Kutscher thus found 1.62, 1.62, 1.58 and 1.59 per cent. of nitrogen 
in this form. Hart! found 1.60 per cent. by distilling the decom- 
position products of casein with magnesia and 1.39 and 1.18 per 
cent. by distilling with barium carbonate the decomposition prod- 
ucts obtained by boiling with sulphuric acid without adding 
sodium chloride and 1.52 per cent. after adding this salt. 

Hart found that more lysine was obtained from the decompo- 
sition products of casein when the latter was boiled with sulphuric 
acid and sodium chloride than when boiled with sulphuric acid 
alone. He found, when using sulphuric acid and salt, an amount 
of histidine, arginine and lysine corresponding to 3.37 per cent. of 
basic nitrogen in the casein, which agrees closely with our result 
by Hausmann’s method, namely, 3.49 per cent. 

Giimbel* found, by Hausmann’s method, nitrogen as ammonia 
corresponding to 1.62 per cent. of milk-casein and to 4.23 per cent. 
of basic nitrogen, the former being in close agreement with our 
results, but the latter considerably higher than those found by us 
or by Hart, who determined the bases directly. 

If the results of the determinations by Hausmann’s method, as 
employed by us, are compared with the results obtained by Kossel 
and Kutscher’s method, in separating and determining the actual 
quantity of the diamino acids produced by decomposing compara- 
tively large quantities of the protein substances, it will be seen that 
nearly the same amounts of basic nitrogen are obtained by both 
methods. In the following table we give the figures obtained by 


1 Ztschr. physiol. Chem., 33, 347 (1901). 
2 Quoted by Hofmeister, ‘‘ Ergebnisse der Physiol.,’’ Vol. I, p. 777. 
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the two methods, the amount of nitrogen found by Haus- 
mann’s method being increased by the addition of a quantity of 
nitrogen corresponding to the solubility of arginine phosphotung- 
state. 

PERCENTAGE OF BASIC NITROGEN IN SEVERAL PROTEINS. 
(0.80 by Kossel and Kutscher’s method. 


poiemts (o.71 by Hausmann’s modified method. 
Gliadin... ( 1.24 by Kossel and Kutscher’s method. 
) 1.20 by Hausmann’s modified method. 

Glutenin . § 2°14 by Kossel and Kutscher’s method. 
2.27 by Hausmann’s modified method. 

fatale co §3-37 by Kossel and Kutscher’s method. 
(3.71 by Hausmann's modified method. 





These results indicate that Hausmann’s method, as we have 
applied it, gives a fairly accurate measure of the true proportion 
of nitrogen belonging to the diamino acids. Before this can be 
demonstrated, however, quantitative determinations by Kossel 
and Kutscher’s method must be made in other proteins, especially 
those yielding larger proportions of diamino acids. 

An examination of the figures showing the different forms of 
binding of the nitrogen in the many proteins which we have in- 
vestigated shows that these vary chiefly in the proportion of am- 
monia and basic nitrogen which they yield. In the following 
table we give the average of the figures found for each of these 
proteins, arranged in the order of amount of basic nitrogen. 


PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN VARIOUS PRO- 
TEIN BODIES. 


= } to 
& “ phic 
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Protein. Source. %, & z 7 & 
Globulin—Wheat ...--.--+++eeeee 1.42 6.83 9.82 0.28 18.39 
oe Cocoanut. ...cccccceee 1.36 6.06 10.92 0.14 18.48 
rs Squash seed ........--. 1.28 5.97 11.04 0.22 18.51 
Edestin—Hemp seed ...........-- 1.88 5-91 10.78 0.12 18.64 
Excelsin—Brazil nut......-....++. 1.48 5-76 10.97 0.17 18.30 
Corylin—Hazel nut............+.. 2.20 5-75 10.70 0.16 19.00 
Globulin—Cotton seed..........-. 1.92 5.71 II.OI 18.64 
es Castor bean..cceesevece 1.96 5-64 II.00 0.12 18.75 
Corylin—Walnut ......... os eeeees 1.78 5-41 II.51 0.15 18.84 
Te : a 2.12 5.20 10.38 0.18 17.90 
catia aaa © 2.65 5.13 10.30 0.14 18,21 
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& y 2 
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Protein. Source. z , s z ” ro 
Legumin—Pea, lentil, horse bean, 

MOlGioces se'eccnee cece Wece ee 1.69 5.18 10.92 0.17 17.97 
Globulin—Flax seed.....-..e.+++ 2.00 4.77 11.47 0.22 18.48 
Vicilin—Pea, lentil, horse bean .-- 1.78 4.75 10.37 0.21 19.51 
Nucleovitellin—Egg yolk.......-. 1:25 4.65 10.16 0.22 16.28 
Vignin—Cow pea..eeeee eeeeveeees 1.91 4.28 10.81 0.25 17.25 
Globulin—Sunflower ..........+-- 2.57 4.27 11.52 0.24 18.58 
Conalbumin—Egg white.......--- 1.21 4.16 10.49 0.26 16.11 
Amandin—Almond...........+++- 3.05 4.15 11.55 0.17 19.00 
Phaseolin—Kidney bean, adzuki 

DEAR «c.vc sccccns peice sees eces 74 , 10.18 0.29 16.20 
Glycinin—Soy bean ...... +... +6. 7 3-95 ¥i.27 0.12 17.45 
Legumelin—Pea, lentil, horse bean, 

REZ N DEAT «cece Ceeas ccc ee 1.04 39% 10.96 0.38 16.09 
Leucosin—Wheat .........+..00-- 1.16 3-50 11.83 0.43 16.93 
Casein—Cow’s milk ..........--.- 1.61 3-49 10.31 0.21 15.62 
Ovalbumin—Egg white........... 1.34 3.30 10.58 0.29 15.51 
Glutenin—Wheat gluten .......... 3.30 2.05 11.95 0.19 17.49 
Gliadin—Wheat, rye .......--.00. 4.20 0.98 12.41 0.14 17.66 
Hordein—Barley .........ssee-- - 4.01 0.77 12.04 0.23 17.21 
Fein — Mare wc cc osnccn cs caecicee cr 2.97. 0.49 12.51 0.16 16.13 


The most striking feature shown by this table is the wide range 
in the amounts of basic nitrogen obtained from the different pro- 
teins. While the difference between the highest total nitrogen 
and the lowest is 3.49 per cent. of the protein, or 18.3 per cent. of 
the highest nitrogen, that between the highest basic nitrogen and 
the lowest is 6.34 per cent., a difference of 92.7 per cent. of the 
highest figure. The proportion of ammonia yielded by these 
different proteins likewise differs greatly, the difference between 
the highest and lowest figures being 3.16 per cent. or 75.2 per cent. 
of the highest figure. The non-basic nitrogen, on the other hand, 
is much more constant even than the total nitrogen, the difference 
between the highest and lowest being only 2.69 per cent. of the 
protein or 21.5 per cent. of the highest figure. 

Apart from the alcohol-soluble proteins, which all come 
together at the end of the table, no _ other relation 
depending on the proportion of basic nitrogen is apparent. 
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The crystalline globulins from the hemp seed, squash seed and 
flax seed, as we have already said, are so nearly alike in solubility, 
reactions, crystalline form and composition that a most rigid com- 
parison has as yet failed to reveal any differerices which indicated 
that they are not one and the same chemical individual; never- 
theless the globulin from the flax seed differs from the other two 
in the amount of basic nitrogen which it yields by over I per cent. 
and the globulin from the squash seed differs in the amount of 
ammonia which it yields by about 0.6 per cent. The molecules of 
these globulins evidently have a different structure. 

In the table, all of the proteins down to legumelin are globulins, 
with the exception of the nucleovitellin, which, however, as ob- 
tained originally from the egg yolk in combination with lecithin, 
has the properties characteristic of globulin, but after washing 
with alcohol it passes into the condition in which it was used for 
these experiments, in which it is no longer soluble in saline solu- 
tions. Legumelin and ovalbumin, the proteins next follow- 
ing in the table, are soluble in water and in this respect 
differ from those preceding them, but no difference in the pro- 
portion of basic nitrogen exists between legumelin and phaseolin, 
which is a pronounced globulin, and ovalbumin does not 
contain very much less. 

Those proteins which are characterized by dissolving in strong 
alcohol present, on the other hand, a marked contrast to the 
others, in that they all yield far less basic nitrogen and more 
ammonia than the others, with the single exception of amandin 
which yields the same amount of ammonia as does zein but over 
eight times as much basic nitrogen. 

The larger proportion of nitrogen which characterizes so many 
of the proteins of seeds, compared with the nitrogen in animal 
proteins, appears to be caused by a larger proportion of substances 
yielding ammonia and basic products. Some of the plant globu- 
lins contain nearly as much basic nitrogen as corresponds to the 
nitrogen content of the histidine, arginine and lysine which Kossel 
and Kutscher found in the histone from the thymus gland, namely, 
6.43 per cent., while the globulin of wheat contains even more. If, 
as seems probable, the basic nitrogen of these vegetable proteins 
shall be shown by further investigation to belong wholly to the 
three diamino acids named, it would appear that the basic proper- 
ties of the proteins are not caused simply by the diamino acid 
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components of their molecules, as Kossel and Kutscher suggest, 
for the histones are much stronger bases than any of these vege- 
table proteins. 

This wide variation in the proportion of basic decomposition 
products of the various proteins, as Kossel and Kutscher point 
out, raises important questions regarding their food value. 

At Kossel’s suggestion, Szumoski,’ after feeding geese and 
doves with maize for long periods, examined their various organs 
and tissues for zein, with negative results. That, however, zein 
is, in fact, assimilated is, in Szumoski’s opinion, proved by the 
experiments which Grandeau, Leclerc and Ballacey? made with 
horses, and Rubner*® made with men. 

Feeding experiments with “gluten meal” present much stronger 
evidence on this point, since they show that the proteins of this 
meal are quite as well assimilated as those of cotton seed meal. 

The “gluten meal” used in these experiments is a product of the 
manufacture of maize starch and contains a large proportion of 
the alcohol-soluble zein. The proportion of alcohol-soluble zein 
has not been accurately determined and doubtless varies with the 
different samples, but in a large number examined at different 
times by the writer not far from 25 per cent. of these meals were 
found to consist of alcohol-soluble zein. 

The digestibility of the proteins of gluten meal has been found, 
as the average of several experiments, to be 88.2 per cent., while 
that of cotton seed meal is 88.4 per cent.,* from which it is evident 
that the proteins of gluten meal possess a high coefficient of 
digestibility, and as these consist largely of zein, it is almost cer- 
tain that zein is assimilated without special difficulty. 

In order to show the relative proportions of the several groups 
of nitrogenous decomposition products yielded by these meals 
when treated with boiling acids, we took a portion of each meal 
containing 0.1600 gram of nitrogen, and treated it in exactly the 
same way as described in this paper for the proteins. The results 
were as follows: 


1 Zischr. physiol. Chem., 36, 198. 

2 Ann. de la Science Agronomique, 9, Ann., T. I., 1892. 

38 Ztschr. Biol , 1§, 150 (1879). 

4 Bulletin 77, Office of Experiment Stations, U. S. Dept. of Agr. 
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PERCENTAGE OF NITROGEN IN THE DIFFERENT GROUPS IN THE PROTEINS 
OF THE MEAL, ASSUMING THESE TO CONTAIN 16 PER CENT. 
OF NITROGEN. 


Cotton seed Gluten 

meal. meal. 

Nitrogen aS AMMONIA... +++ ees eeeeeeeeeee 1.52 2.38 
Basic nitrogen.......+++-- Serre 4.97 1.42 
Non-basic nitrogen ....+..sccescccecccsees 8.67 11.63 
Nitrogen in magnesium oxide precipitate -- 0.84 0.57 
Total nitrogen .......secseccceees 16.00 16.00 


These figures show how great the difference is between the 
proportions of these several nitrogenous groups and, since no 
apparent difference in food value exists between these meals, it 
would seem as if, from the standpoint of nutrition, these very de- 
cided chemical differences were of but little importance. 

Since zein contains 16 per cent. of nitrogen, the figures given 
for the gluten meal may be directly compared with those of zein. 
As the globulin of the cotton seed contains 18.6 per cent. of nitro- 
gen, the amount of meal taken corresponded to only 0.8608 gram. 
If we calculate the figures given for cotton seed meal to this basis, 
they become comparable with those of the cotton seed globulin. 
In the following table the results of this comparison are shown. 


Protein in Globulin of Protein in 
cotton seed cotton seed gluten 
meal. meal. Zein. meal. 
Nitrogen as ammonia -- 1.77 1.92 2.97 2.38 
Basic nitrogen ......... 5.77 5-71 0.49 1.42 
Non-basic nitrogen...--. 10.12 II.O1 12.51 11.63 

Nitrogen in magnesium 

oxide precipitate... 0.98 sees 0.16 0.57 
Total nitrogen ..... 18.64 18.64 16.13 16.00 


From these figures it appears that the total protein of the cotton 
seed meal yields practically the same proportion of decomposition 
products as the cotton-seed globulin, the differences shown being 
unquestionably due to the greater amount of humus arising from 
the carbohydrates, whereby a larger amount of nitrogen appears in 
the “MgO pp.” and a smaller amount as ammonia. In the case of 
gluten meal, it is evident that some protein other than zein is also 
present, but its proportion is not indicated by the figures. 
Loewi? has just shown that a dog can be kept in nitrogenous 


1 Archiv. f. Exper. Path. u. Pharm., 48, 303 (1903). 
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equilibrium or even gain nitrogen when fed with food containing 
protein decomposition products which are wholly free from any 
substance giving the biuret reaction, that is, with food containing 
no protein whatever. The animal can therefore synthesize pro- 
tein from a mixture of the crystallizable products produced by 
decomposition of protein. Since such a wide difference exists 
between the proportions in which the several groups of products 
are yielded by the different food proteins, this synthesis must con- 
sist in something more than a recombination of the several frac- 
tions of the molecule of the food protein; it must involve a more 
or less extensive alteration of these fractions and conversion of 
one into another before the requisite number of groups of proper 
nature are at hand from which the new molecule can be con- 
structed. 

If we consider the probable number of these groups and the 
many kinds of them which must take part in this synthesis, the 
selective and constructive power of the cells in which this process 
takes place appears to be very great. Hofmeister’ states that if 
a mean molecular weight of 130-140 is assumed for the splitting 
products of the protein molecule, there must be at least 40 such 
groups in the protein molecule if its molecular weight is 5,000, or 
120 groups if it is 15,000. 

There are already about twelve different kinds of these groups 
known which are primary decomposition products of the protein 
molecule. The complexity of the process whereby the new pro- 
tein molecule is constructed from the decomposition products of 
the food protein is thus easily apparent. 

The fact that so many of the vegetable proteins, which serve 
extensively as food, have been shown, by our present investigation, 
to yield such different proportions of the various nitrogenous de- 
composition products, as compared with the animal proteins, 
makes it a matter of the greatest interest and importance to know 
something more of the processes involved in this synthesis. 

1 “ Ergebnisse der Physiol.,’’ Vol. I, p. 774. 
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THE COMPOSITION OF THE TUBERCLE BACILLI DERIVED 
FROM VARIOUS ANIMALS.’ 


By E. A. DE SCHWEINITZ AND M. DORSET. 


Received January 17, 1903. 

CONTINUING our work as published in this Journal, 17, 605 ; 
18, 449; 20, 618, we have submitted to examination tubercle 
bacilli from various sources; namely, bovine bacilli, swine bacilli, 
horse bacilli, avian bacilli, attenuated human bacilli and virulent 
human bacilli. 

In preparing these germs for analyses all were grown upon 
liquid media. After the cultures had been allowed to develop for 
a sufficient length of time, they were all filtered in the same way, 
washed in the same way so as to remove from the germs them- 
selves, any mechanically adherent culture media, and necessarily 
at the same time, a large portion of the water-soluble matter. The 
germs, subsequently dried in vacuo, were submitted to analysis, 
first by extracting with ether, then with alcohol and then with 
chloroform. A comparison of the amounts of these extracts 
shows that the largest percentage of fat was obtained from the 
attenuated human bacilli, and from the others in the following 
order: Horse, virulent human, bovine, avian, swine. 

In our earlier article upon the mineral constituents of the 
tubercle bacilli, published in this Journal, 18, 449, the per- 
centage of phosphoric pentoxide was found to be a little 
over 55 in the human germ. As will be noted in Table 
II, the percentage of phosphoric pentoxide in these human germs 
was found to be, in the. virulent, over 60 per cent., in the attenu- 
ated over 70 per cent. In comparing these figures with the earlier 
results, it should be remembered that the germs used for obtain- 
ing the earlier data. were grown upon the ordinary glycerine 
media to which no phosphates had been added, while all of the 
present germs were grown upon a medium intentionally rich in 
phosphates. The amount of material available for the phosphoric 
pentoxide determinations here reported was also small, so that 
there may be some slight error due to manipulation, but allowing 
for these facts, it is very evident that all of these tubercle bacilli 


1 Read at the Washington meeting of the American Chemical Society. 








ns 


— 


QQ © 4 Hn fv =) mh oe est i eel 


wm 


so 76 © 4A & 2 © GO @ 








COMPOSITION OF THE TUBERCLE BACILLI. 355 


are voracious consumers of phosphoric oxide, in which property 
they correspond to a great many other plants. 

Aronson’s assumption that the extractive matter of the tubercle 
bacilli was very largely fatty acids, a conclusion which does not 
follow from the methods that he has reported in his article, led us 
to make some preliminary determinations of the possible free acid 
present in our various extracts. Kresling concluded that the 
chloroform extract of the human tubercle bacilli contains about 
14 per cent. of free fatty acid. Our determinations of the possible 
free fatty acid were based upon the acid value as secured by 
titration with N/1o sodium hydroxide. The results are recorded 
in Table III. 

The acid value was determined both in the ether and alcoll 
extracts separately. The total acid value noted in Table III 
shows that the highest acid value was obtained from the 
virulent human and the others in the following order: Swine, 
attenuated human, avian, bovine and horse. In the last 
column are given the total percentages of the free acids in the 
whole germ counted as oleic acid. The acids were all calculated 
as oleic for the purpose of making a satisfactory basis for com- 
parison. 

Until we have completed the determinations of the exact char- 
acter of the ether, alcohol and chloroform extracts obtained from 
these various bacilli, which are in progress at present, much 
speculation in regard to the relation of the composition of the 
germ to its character and virulence is not warranted. It is inter- 
esting to note, however, that the percentage of alcohol extract 
obtained from the avian bacilli is very much greater than that 
obtained from any of the other germs, while the percentage of 
chloroform extract in the bovine bacilli and virulent human 
bacilli is almost exactly the same, there being but little chloroform 
extract obtained from the horse, swine and avian germs, while a 
considerably larger amount is secured from the attenuated human 
germ. The variation in the amount of ether extract has 
already been noted. The results certainly indicate that as there 
is a variation in the morphology of tubercle bacilli derived from 
different sources, depending upon their surroundings, so there is 
a variation in the composition of the germ cells themselves. They 
show, further, a point which should be especially emphasized, that 
there is a greater difference between the two human germs, the 
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one attenuated, non-pathogenic for guinea pigs, the other almost 
as pathogenic for guinea pigs as the bovine germ, than there is 
between the virulent human and the bovine and horse bacilli. It 
is certainly not an unwarranted assumption that possibly this loss 
of virulence in the human germ is due to the fact that the bacilli 
have acquired through their prolonged saprophytic existence, and 
their consequent immunity from the attacks of phagocytes and other 
protective substances of the animal body, the property of produc- 
ing smaller amounts of poisonous substances, while in the case of 
the virulent human bacilli, the bovine, horseand swine germs, which 
do not produce nearly so large an amount of harmless fatty sub- 
stances, and consequently contain a lower percentage of extrac- 
tive matter, the relative amount of poisonous proteid produced is 
greater. That this proteid matter, belonging to the class of 
nucleoproteids, as was already pointed out by ourselves in 1895 in 
the article above referred to, is one of the principal poisons of the 
tubercle bacilli, has been well demonstrated ; and if the bacilli are 
able to produce larger amounts of these poisonous substances, it 
would necessarily follow that they are much more virulent. A 
further study of these proteid substances is in progress, as well as 
the identification of the free fatty acids, fats, waxes and other 
extractive material. 

As pointed out by the writers in 1897,' there is present in the 
cultures of human bacilli a very virulent acid-like necrotic sub- 
stance readily soluble in water. This substance, as well as those 
of a similar nature, was necessarily extracted in the preparation of 
the germs for analysis, and hence does not come into considera- 
tion in this report. 

Our results here recorded indicate the relationship between the 
tubercle bacilli derived from various sources and emphasize the 
difference between attenuated and virulent human tubercle bacilli. 
It must be remembered that these analyses were only upon one 
representative of each of the different bacilli, yet the results in 
the human germs correspond so closely with those obtained in 
1895 and also those reported by other workers, that we can assume 
a like composition for the bacilli obtained from similar sources. 


1 De Schweinitz and Dorset : Centrbl. fir Bakt. u. Parasit., Abst. 1, 22, 209 (1897). 
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TABLE I.—ETHER, ALCOHOL AND CHLOROFORM EXTRACTS OF TUBERCLE BACILLI. 


Bovine bacill 
2 


i. 


Swine bacilli. 


Horse bacilli. 





1. . Average. t. 9. Average. 1. 3. Average. 
Percent. Percent. Percent. Percent. Percent. Percent. Percent. Percent. Percent. 
Ether extract........++-.++++ 17.74 17.66 17.70 13.69 11.43 12.56 22.90 23.87 23.38 
‘ Alcohol extract ..-...seccees cece 8.13 8.13 snes 7.83 7.83 8.18 8.18 8.18 
= Chloroform extract .......662 sees 0.49 0.49 sree 0.20 0.20 0.29 0.12 0.20 
4 cnn ssiinhian edibintes cules eae eatntad abaiiis action silat 
g DOA! CLACSs ssce cccess sees 26.28 26.32 sees 19.46 20.59 31.37 32.17 31.76 
fQ Avian bacilli. Attenuated human bacilli. Virulent human bacilli. 
rot i 2. Average. I. 2. Average. i. a; Average. 
ae | Percent. Percent. Percent. Percent. Percent. Percent. Percent. Percent. Percent. 
4 Ether extract........cceses+ 17,40 17.32 17.36 28.86 28.59 28.72 20.40 20.22 20.31 
fa Alcohol extract............++ 13.15 13.39 13.27 7.22 7.49 7.36 7.21 7.23 ye be: 
> Chloroform extract ........-- 0.04 sees 0.02 ¥.35 (1.33) 1:33 0.48 (0.48) 0.48 
B xian — ne anaes peanents itn mania — ciate 
fq Total extracts..........+. 30.59 30.71 30.65 37.41 37.41 37.41 28.09 27.93 28.03 
m 
rl TABLE III.—AciD VALUE OF ETHER AND ALCOHOI, EXTRACTS OF TUBERCLE BACILLI. 
° Total acid Per cent. 
z, value, calcu- of free 
ro) lated on acids calcu- 
— the sum Free acids in lated on Free acids calcu- Total 
>) of the alcohol and ether and lated for whole Per cent. 
na Acid value. ether and ether extracts. alcohol substances. free 
re) Ether Alcohol alcohol Ether Alcohol extracts Ether Alcohol acids in 
Ay extract. extract. extract. extract. extract. combined. extract. extract. bacilli. 
s Percent. Percent. Per cent. Percent. Percent. Percent. Per cent. Per cent. Per cent. 
9 Bovine bacilli ...........--. 9.43 20.40 12.90 4.74 10.25 6.48 0.83 0.83 1.66 
Swine bacilli....ss.s0ccccs+ ° 8,02 23.45 13.97 4.03 11.78 7.02 0.46 0.92 1.38 
Horse bacilli ........-+--++- 9.36 18.47 11.46 4.70 9.28 5-76 1.09 0.75 1.84 
Avian bacilli. ....0.ss00s08. 13.00 isan * 13.04 6.53 6.59 6.55 1.13 0.87 2.00 
Human bacilli (atten.)..... 12.77 14.57 13.13 6.41 7.32 6.60 1.84 0.53 2:37 
Human bacilli (vir.).......- 14.02 16.45 14.63 7.04 8.26 7-35 1.42 0.59 2.01 
or ae ae a oe as 2 @& Mee 5. vo — 2 € 24 & 
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TABLE II.—ASH AND PHOSPHORUS IN TUBERCLE BACILLI.! 
P.O;indry P.O; in 


Moisture. Ash. bacilli. ash. 

Per cent. Per cent. Per cent. Per cent. 
? —e 2.42 2.66 1.56 58.54 
Bovine bacilli............ i pee ay a 
: as 2.26 2.37 1.30 55.00 
Mra OT Is. 0:0,0:4/4'0-4'0 0.80% 0 Bie Are oe 
Horse bacilli..........00: {2.27 3-63 2.07 55.68 
12.42 3-55 2.02 55.40 
hiked Ses ccncceseacxs — 3-96 2.22 —§5.98 
ae 3-94 2.19 55-63 
Human bacilli (atten. ).... ap sad 1.79 73-49 
2.58 2.31 1.71 74.38 
Human bacilli (vir.)..-.. — 3-94 2.50 + 63.47 
3-79 3.92 2:28 60.90 


! Determinations by James A. Emery. 


[CONTRIBUTION FROM THE LABORATORY OF THE BUREAU OF INTERNAL 
REVENUE, U. S. TREASURY DEPARTMENT. } 
THE COPIPOSITION OF PROCESS OR RENOVATED BUTTER.' 


By CHARLES A. CRAMPTON. 


Received January 3, 1903. 

Tue Act of May 9, 1902, makes this product, as specifically de- 
fined therein, subject to Federal control, placing its production, 
transportation and sale under restrictions similar to those imposed 
upon oleomargarine, which product is also made the subject of 
new legislation by the same act. 

Without entering into detail concerning the provisions of the 
new law, its main features may be briefly stated, as follows: It 
defines two classes of oleomargarine, one taxable at %4 cent per 
pound, and the other at 10 cents per pound, and three classes of 
butter. Of the latter, one class is normal or statutory butter, de- 
fined for purposes of comparison, and exempt, of course, from 
taxation or supervision; one class is “process or renovated 
butter,” taxable at 1% cent per pound, the same rate as that laid 
upon oleomargarine free from artificial coloration; and the 
third class is “adulterated butter,” subject to a tax of Io cents per 
pound, the same rate as artificially colored oleomargarine. 

The sale of renovated butter is not so closely regulated as that 
of oleomargarine, as no special tax is required from wholesale or 
retail dealers, so that government control does not follow it to the 


1 Read at the Washington meeting of the American Chemical Society. 














RENOVATED BUTTER. 359 


purchaser. The clause concerning the prohibition of ingredients 
deleterious to health in oleomargarine is not made applicable to 
renovated butter, but the manufacture of the latter product is 
made subject to the supervision of the Bureau of Animal Industry 
of the Department of Agriculture, a provision doubtless intended 
to serve the same purpose. Moreover, by a somewhat peculiar 
interweaving of definitions, renovated butter loses its status as 
such, and becomes “adulterated butter’ under certain conditions, 
and is then subject to the high rate of tax imposed upon that 
product. During the first three months of the operation of the 
law, there were produced in the United States, as shown by the 
Annual Report of the Commissioner of Internal Revenue for 1902, 
5,879,833 pounds of renovated butter, about one-half as much as 
the total quantity of oleomargarine produced during the same 
period. ; 

Subject to the control of two different departments of the 
general government, and also to restrictive laws in many of the 
States, renovated butter has come to be a product of considerable 
interest fo chemists, and it is highly desirable to obtain some 
knowledge of the character of the changes undergone by the 
butter-fat in the processes to which it is subjected by the methods 
employed. A brief description of the ordinary methods of reno- 
vation as practiced in most of the factories at the present time 
may not be amiss. The raw material or “stock,” as it is termed, 
consists of butter which is not salable for direct consumption, 
either because it has deteriorated through rancidity, mold, or other 
causes, or because it was produced by careless or ignorant makers, 
who were unable to give it an attractive appearance or flavor. 
The country grocery store, which assembles small lots or parcels 
of butter from many makers, and dumps all together, indiscrimi- 
nately, good, bad, and indifferent, is the recruiting ground for 
most of the material. In the earlier days of the industry, the 
stock obtainable for renovating purposes was but a shade better 
than the soap-fat grade, but competition has advanced the price, 
and the increased demand has secured a more prompt marketing 
of the material, so that much of it has not greatly deteriorated 
from its original condition when it reaches the renovating factory. 
The character of the renovated product has correspondingly im- 
proved, especially in its keeping qualities. The best grades ap- 
proximate the lower grades of creamery butter, the chief defect 











360 CHARLES A. CRAMPTON. 


being the loss of “grain” through the operation of melting, a qual- 
ity which is only partially restored by subsequent granulation in 
ice water. 

The first step in the process is the separation of the fat from the 
water and curd by melting and settling. The curd and salt water 
are drawn off from beneath the oil, or sometimes the whole is 
passed through a separator. Whatever bad flavor is inherent in 
the curd is separated in this operation, and the fat is ready for the 
next treatment, which is the aeration or “blowing” with air. This 
is sometimes supplemented by a bath of water, and renovators 
have been accused of using chemical agents at this stage of the 
procedure, but they claim that such treatment has not been found 
successful, doubtless from the tendency towards saponification, 
and that the main reliance is upon the blowing to remove disagree- 
able odors, and leave a fairly neutral fat. This is then emulsified 
with fresh milk, which has been inoculated with a bacterial culture 
after improved creamery methods, and the whole is chilled, gran- 
ulated and churned. The subsequent working of the butter and 
packing for market is similar in all respects to the customary 
treatment. 

It will be seen from the above description of the method of its 
preparation that renovated butter cannot be expected to vary 
greatly from ordinary butter in its chemical composition. The 
only differences must arise from the substitution of a different 
buttermilk for that originally present, and whatever changes have 
been brought about in the butter-fat by the manipulations tc 
which it has been subjected. In the appended table I have 
brought together the average results of the analvsis of 75 samples 
made in this laboratory during the first four months of the opera- 
tion of the law. The samples were produced at licensed factories 
located in different parts of the United States, and were accompa- 
nied in most cases by affidavits of the producers to the effect that 
the samples fairly represented their product. In other cases they 
were taken by government officers. 

The methods of analysis used were essentially those of the Asso- 
ciation of Official Agricultural Chemists ; the Reichert-Meiss] value 
was determined strictly in accordance with Wollny’s procedure, 
as officially prescribed by the English government.1 The percent- 
age of water was determined by difference and also by drying, 
! Analyst, 2§, 309 (1900). 
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direct. The latter is the figure used in passing upon the liability 
of the butter to tax as “adulterated butter,” on account of contain- 
ing an excessive quantity of “water, milk or cream.” The regu- 
lations fix the maximum limit at 16 per cent., following European 
precedent in this respect. 

TABLE OF AVERAGES. 


~ 3 
~ “Le Ss M 
P = ; Yo > Yu ir ‘ 
= 5 = : go = 3 8 <é d ; 
v +: ao > ‘Oo 3 7) 
ys & e Be Sa Se : 
+ y o = pe bb MH D $ > 3 
iv v on z > 
a Qu TS A Y $ Ey « - > 
gD eo & us = 2 = v 
be eo $2 3a Eo Ga § | 4 8 
a G & ra <5 2|S Doms) = 8 = a an 3 
oe 3 G 7) v A%/S un u> GC fa 3] 3 
3) ¢ Ba & D 4 % > 3) < S} 


82.05 1.47 2.85 14.44 14.42 0.9106 1.4608 29.15 41.6° 49.05° 6.57 36.78 

Of the above, the percentage composition figures and the re- 
fractive index and Reichert-Meissl value, represent the mean of 
all the samples; the specific gravity was determined upon fifty- 
eight only, the Crismer, Valenta and acidity values upon fifty- 
four, and the iodine value upon twenty-five. 

The maximum percentage of fat in any sample was 88.88, the © 
minimum, 68.80; curd, maximum, 2.65 and minimum, 0.77; ash, 
maximum, 7.49 and minimum, 0.97; maximum of water by direct 
determination, 23.17 and minimum, 8.01; maximum of specific 
gravity, 0.9124 and minimum, 0.9093; maximum refractive index, 
1.4619 and minimum, 1.4600; the maximum Reichert-Meissl 
value, 31.82 and the minimum, 25.42. The highest Crismer value 
was 54.80°, the lowest, 43.2°; the highest Valenta value was 50°, 
the lowest, 33.5°; the highest acid figure was 13.40, the lowest, 
1.72; the highest iodine value was 41.15, the lowest, 34.20. 

Of particular interest was the water determination, in view of 
the definition of adulterated butter in the law. Eight of the 
samples gave results in excess of the maximum limit prescribed 
by the regulations, as shown by the following table: 

On account of the heavy tax imposed upon the manufacturers 
of adulterated butter by the law, it is desirable that the product of 
renovated butter factories should be carefully controlled by the 
persons responsible for their operation, in order that it be kept 
well within the prescribed limit in content of water. The 
difficulties in the way of an accurate determination of this con- 
stituent in a fatty substance like butter are well known. These 
difficulties apply both to the sampling and to the determination 








362 CHARLES A. CRAMPTON. 


ANALYSIS OF RENOVATED BUTTERS SHOWING A HIGHER CONTENT OF 
WATER THAN 16 PER CENT. 


—— - 
+3 ; se S % = 
. «4 4. eo = s 2 Bi g 
3 = E I 7) 3 s q 
% - & 2 oo = -_ = a a 2 
4 » £€ # fo" * $ o > > z 
A in — ie Sa o.. ao 3 Ey ‘ s a oe 
= : o wy se vs = a = v 
Cc) " a) ae ny ca | = pe s 
+e. E46 #8. #8 go Sh Se & a eS a 
oO s = v 7) = awst un ur c ] (3) 5 
Hh Oo ¢ Ba BF @ 4 7 3) > dd & 
5735 75-64 1.73 2.95 20.62 19.68 0.9103 1.4605 30.99 48.8 ° 42.0° 6.11 36.96 


5795 77-12 0.77 0.97 20.32 21.14 0.9108 1.4603 30.13 47.68° 42.5° 7.30 34.70 
5813 79.81 1.69 I.09 17.36 17.41 0.9112 1.4605 28.58 50.33° 38.5° 7.66 37.35 
5877 78.34 1.52 2.83 18.01 17.31 0.9104 1.4617 26.52 49.68° 42.0° 6.04 


5902 77.44 I.20 2.08 20.07 19.28 0.9112 1.4608 29.49 ----- Sees 

5995 79.60 1.73 2.36 16.74 16.31 0.9096 1.4917 26.53 --+-- asia wave 
6006 68.80 2.47 6.29 23.17 22.44 .--+- 1.4613 28.48 ..... cece coe 
6139 75.91 1.57 6.12 16.58 16.40 «+++. 1.4607 28.64 48.28° 40.0° 9.28 


itself. While the average figures for the direct and indirect esti- 
mation as given above are in very close agreement, the table of 
analyses shows a very wide difference in both directions. In 
several samples, the percentages by the two different methods 
are Over I per cent. apart, and one varies by 1.70 per cent. The 
direct estimation by drying was used in all cases in passing upon 
the classification of the butter. 
TESTS FOR RENOVATED BUTTER. 

The behavior of each sample under the different tests which 
have been suggested for the identification of renovated butter was 
studied. The tests used were: First, the appearance of the fat 
when viewed by polarized light (Brown-Taylor-Richards test for 
melted fat) ;1 second, the behavior of the fat when boiled in an 
open vessel (generally known as the “spoon test’); and third, 
the granulation or “gathering” of the fat when cooled in milk 
(Waterhouse test). 

These tests are described in the methods of the Association of 
Official Agricultural Chemists, and the last-named especially is 
quite fully discussed by Patrick, in the proceedings of the same 
association for 1901, p. 126, and made applicable to household 
conditions for detecting oleomargarine, in Farmer’s Bulletin, No. 
131, of the U. S. Department of Agriculture. Applied to the 
above known samples of renovated butter, all the tests failed to 
give positive results in one or more instances. 


1 See This Journal 22, 703 (1900). 
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No. 6044 did not respond to the Waterhouse test, and No. 5736 
failed with the spoon test, while several of the samples did not 
give positive indications of melted fat under the microscope. Of 
the three, the Waterhouse test Was found most reliable and 
definite in its indications. The principle of this test has been used 
by a recent writer as the basis of a quantitative separation of 
butter from oleomargarine.' 

Hess and Doolittle? differentiate between fresh and renovated 
butter by the character of the curd. Their qualitative test, based 
upon the appearance of the separated curd;.has given no satisfac- 
tion whatever in this laboratory; and no work has been done upon 
their quantitative distinction based upon the relation of casein to 
albumins. 


EXPERIMENTS TO DETERMINE CHANGES BROUGHT ABOUT IN BUTTER- 
FAT BY AERATION. 


Having in mind the very radical changes brought about 
in oils by the process of “blowing,” or oxidation, I thought 
it would not be difficult to establish differences in the composition 
of butter-fat brought about by the aération to which it is subjected 
in the process of renovation. Either because lower temperatures 
are maintained, however, or for other reasons, no decided changes 
appear to be produced, and the results of the few experiments I 
have been able to make in this direction are negative. I will 
detail them here, however, hoping the matter may be further in- 
vestigated by others: 

A sample of high-grade creamery butter was purchased early 
in the summer and a portion of it was subjected to analysis. It 
was then freely exposed to the atmosphere of the laboratory, and 
even inoculated with rancid butter to hasten its deterioration. It 
was kept under these conditions throughout the summer, about 
three months, at the end of which period it had greatly deterio- 
rated, but was not nearly so rancid or offensive as might have been 
expected. A portion was again taken foranalysis andthe remainder 
was melted, and the fat subjected to the process of renovation, as 
nearly as it could be approximated in the laboratory. The 
aeration could not be very well carried out, however, and the 
final result was not very satisfactory, so far as the practical im- 


1 Deguide: /. Pharm. Chim., 16, 372 (1902); Abs. J. Soc. Chem. Ind., 21, 1352 (1902). 
2 This Journal, 22, 150 (1900). 
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provement of the flavor of the fat was concerned. No attempt 
was made to rechurn the butter, and the last analysis was made 
upon the renovated fat. The results of the three analyses are 
given in the following table: ° 


SERIAL NO. 4975. 


After having After 
Fresh. become rancid. renovation. 
Fat, per Cent ....ee cece sceevcee cece 88.81 88.70 
Water, per Cent....--eeeecereeeceee 8.07 a19 
Curd, per cent. ..eeeeceeceececevees 1.16 1.36 
Ash, per cent........... winiaemicxcee 1.96 2.77 
100.00 100.00 
Values for fat. 
Specific gravity at =e C cece cee eeee 0.9106 0.9117 0.9117 
Refractive index at 25° C...eeeeeeee 1.4612 1.4613 1.4614 
Reichert-Meiss] value .......+++++++ 27.97 27.27 27.46 
Acid value, cc. normal alkali required 
for 100 grams BO. ceaseswe oases Saas 4.28 4.28 
Hehner value......sscccvccccce cece 88.94 85.43 85.23 
Walenta VANE s 00000 ocwes pic cenninecs 44.75° 49.° 48.° 
Crismer value......-ssececcccescess 58.5° 49.7° 49.7° 
Saponification value....-..ssseeeee- 217.3 217.3 214.8 
Soluble fatty acids, per cent.......- 4.63 3:97 3.89 


It will be seen that the fat values of the butter after renovation 
differ less from those of the butter before renovation than the 
latter differ from the values of the fresh butter.? 

Through the courtesy of a firm of local manufacturers, an op- 
portunity was offered to take samples of butter before and after 
renovation in the regular work of the factory. Two sets of 
samples were taken on two different days; it was not found 
possible to make the samples all strictly comparative on account 
of the difficulty of sampling the material in solid form, and for 
other reasons. The samples of butter-fat before and after blow- 
ing, however, are believed to be very closely comparable, having 
been taken from a single vessel containing a large quantity of the 
material, the one before, and the other after it had been subjected 
to the aérating process. 

The following table gives the results obtained: 


1 Compare this Journal, 24, 711 (1902). 








Ww 
Le) 
ise) 


RENOVATED BUTTER. 


First 


Experiment. 


Second 
Experiment. 


Description of sample. 
( Butter-fat, before blow- 
Butter-fat, after blow- 
INQ. oe eece cece veeeee 
| Butter, finished product 
Butter, ‘‘stock,’’ or raw 
HIGCOTIO! cos ct: \biwiersis 
Butter-fat, before blow- 
ing. .+-+e. Pee a RT 
Butter-fat, after blow- 
INGs cccccccscsescces 
Butter, finished product 





Series No. 


5636 


5637 
5638 


5644 
5645 


5646 
5647 


Per cent. 


Fat. 


Curd. Per cent. 


Per cent. 


Ash. 


251 


Water (direct de- 
termination) . 


0.20 


0.08 
13.80 


8.18 
0.13 


0.05 
12.91 


Water (by differ- 
ence). 


13.72 
8.89 


Oa) 
ole 
lo 


Specific gravity at 


0.9103 


0.9109 
O.9III 


0.9097 


0.9110 


0.9101 
0.9107 


Refractive index at 
25° C. 


1.4607 


1.4609 
1.4609 


1.4606 
1.4606 


1.4607 
1.4607 


nal 


kali required 
for 100 gms. fat). 


Acidity (cc. norm 
al 


9-95 


5-91 


g.II 
9.01 


Reichert-Meissl 
value. 


28.86 


29.73 
28.58 


28.56 
29.84 


28.88 
28.77 


Hehner value. 


85.60 


85.87 
85.67 


86.00 
85.84 


86.34 
86.14 


Valenta value. 
Crismer value. 
Iodine value. 


44.0 45.73 37-38 


43-0 44.5 36.50 
40.0 43.2. 36.67 


46.0 48.39 37.09 
44-5 45-59 38.30 


43-0 44.31 36.76 
43:0 46.90 37.28 





Soluble acids. 
Per cent. 


4.92 


5.06 
4.92 


4.99 
5-04 


4.86 
4.92 
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The greatest variation in any of the values obtained from the 
butter-fat is shown by the Reichert-Meissl value. In the first 
series of samples, the Reichert-Meissl value of the fat is higher 
after blowing than before, while in the second series it is just the 
reverse. I am unable to account for this. The variations in the 
other values are slight, and no definite conclusion can be drawn 
from them. Apparently the differences in the composition of 
butter-fat brought about by renovation, if any, are minute, and 
a long series of comparative analyses would be necessary to de- 
velop them. 

For the present, reliance must be placed upon the physical tests 
for melted fat, as previously detailed. 

I am indebted to Messrs. Simons, Adams, and Law, assistants 
in the laboratory, by whom the analytical work was performed. 


[CONTRIBUTIONS FROM THE SHEFFIELD LABORATORY OF YALE UNIVER- 
sity.] 


ON SOME ALDEHYDE CONDENSATION PRODUCTS OF 
ARYLPSEUDOTHIOHYDANTOINS. 


By HENRY I, WHEELER AND GEORGE S. JAMIESON. 


Received January 23, 1902 

In the course of our? work on the molecular rearrangement of 
thiocyanacetanilides it was found that certain stable pseudothio- 
hydantoins gave diacetyl derivatives when warmed with acetic 
anhydride, and it was shown that these acetyl compounds did not 
behave like acetoacetic acid derivatives. This would seem to 
indicate that the group —CO—CH,—S— is not present in the 
stable pseudothiohydantoins. 

It has been shown, however, by Andreasch? that the non- 
substituted pseudothiohydantoin condenses with benzaldehyde 
and behaves like other*® compounds which contain the above group; 
and we have now found that substituted pseudothiohydantoins, 
which are to be represented by formulas I, II and III, are also 
capable of condensing with aldehydes and with oxalic ester. 
The stable pseudothiohydantoins (I) therefore behave in a 


1 Wheeler and Johnson : Am. Chem. /., 28, 121 (1902). 

2 Monatsh. Chem., 8, 407. 

3 Loven: Ber. d. chem. Ges., 18, 3242 (1885); Nencki and Sieber : /d7d., 17, 2278 (1884); 
Ginsberg and Bondzynski: /d7d., 19, 119 (1886); Monatsh. Chem., 8, 358 (1887); Andreasch: 
Tbid., 8, 407, 10, 75 (1889). 
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tautomeric manner in regard to their reactions with acetic anhy- 
dride and aldehydes. 


CH,—S CH,—S CH,—S 
| | | | | 
CO €C=NE CO ‘C=NE CO C—NRR'. 
‘od 1 WH 
NH NR N 
se 3. III. 


The condensation products which we have obtained vary in 
color from light yellow to deep red and have the properties of 
weak dyes; in this they resemble the corresponding products of 
rhodanic acid, a-u-diketotetrahydrothiazole, and the non-substi- 
tuted pseudothiohydantoin with salicylic and cinnamic aldehydes 
which have been described by Andreasch and Zipser.* 


Benzaldehyde and Phenylpseudothiohydantoin, 
C,H,CH=C—S 

bo — 

A 

NH 
Ten grams of the stable phenylpseudothiohydantoin were dis- 
solved in about 150 cc. of alcohol containing 1.2 grams of sodium. 
To this solution 5.3 grams of benzaldehyde were added and the 
mixture was heated for several hours. The alcohol was then 
evaporated, water and dilute acetic acid were added and, after 
thorough stirring, the yellow precipitate was filtered, washed and 
dried. The yield of this crude material corresponded with the 
theoretical. For analysis the substance was crystallized from 
alcohol and from amyl acetate, whereupon, minute, slender, light 
yellow prisms separated from both solvents. They melted at 
about 251°-252°, and a nitrogen determination gave: 


Calculated for 
Cyg¢H 20 NS. Found. 


Nitrogen OE er rr rer 10.0 9.9 

This compound or a@-keto-4-phenylimido-#-benzaltetrahydro- 

thiazole is insoluble in water. It is fairly soluble in hot alcohol 

and it dissolves in hot dilute alkali but separates out again on 
cooling ; it can be crystallized from dilute hydrochloric acid. 

The sodium ethylate addition product, C,,H,,ON,S.NaOC,H,, 

is readily ob.ained by mixing the constituents in alcoholic solu- 


1 Chem. Zig., 26, 54, 623 (1902). 
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tion. It forms a bright yellow crystalline powder which melts at 
about 263°. Sodium determinations gave: 


Calculated for Found. 
CigH};OgNeSNa. . at, 
RS atRAESS: 5 5.6. a'9-0:e1ao)ar0sw id S wesnele be wien 6.6 6.5 6.3 


The silver salt, prepared by dissolving the condensation product 
in alcoholic ammonia, forms a: fine, yellow, crystalline powder. A 
silver determination gave: 

Calculated for 


CisHyON2SAg. Found. 
MTR RrET crea ia)-oce ei siasniulaic ee iale! o wlansinaie Wee celeles 27.9 28.2 
Benzalphenylbenzylpseudothiohydantoin, 
C,H,CH=C-—-S 
ae C,H 
co c-n¢ ** 


\4 —sONCHLG.E, 
N 


was obtained by heating the above sodium ethylate addition 
product with benzyl chloride in an alcoholic solution. Its struc- 
ture was shown by the fact that the same compound results on 
condensing benzaldehyde with phenylbenzylpseudothiohydantoin. 
It crystallized from alcohol in bunches of very light yellow needles 
and melted at 186°-187°. A nitrogen determination gave: 


Calculated for 
CogH)g,ON0S. Found. 


Nitrogen Fi atie ale Wiens oe wre alie wis wieiele ree war wee 7 hs y BY | 
This condensation product is insoluble in water and alkali; it 
dissolves readily in hot alcohol. 


Piperonalphenylpseudothiohydantoin, 
CH,0,C,H,CH=C—-S 


CO bene: 
pa 
; NH 

Three grams of phenylpseudothiohydantoin, 0.36 gram of sodium 
and 2.4 grams of piperonal were dissolved in alcohol and warmed 
for two hours. A bright yellow powder was thus obtained which, 
on crystallizing from alcohol, formed minute crystals melting at 
about 259°-201°. A nitrogen determination gave: 


Calculated for 
Ci7H203N2S. Found. 


Nitrogen Bicisialet wiescoud wcbiersiarsier. vad wince arsvelew teatacnere 8.6 8.7 
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This material is difficultly soluble in alcohol and amyl acetate. 
It dissolves in glacial acetic acid and in hot alkali, but it is in- 
soluble in water. 

Metanitrobenzalphenylpseudothiohydantoin, 

NO,C,H,CH=C—-S 

| 

CO C=NC,H.,. 

NH 
This was prepared in the same manner as the above. It was 
obtained as a dark brick-red crystalline powder which proved to 
be less soluble than the preceding compounds. For analysis it 
was purified by boiling with alcohol and dissolving in alkali, pre- 
cipitating with acetic acid and then washing with water. Thus 
obtained it did not melt at 290° and a nitrogen determination 


gave: 
Calculated for 


Ci6H3103N3S. Found. 
Nitrogen ..c.esececcceccceccccce voce cece 12.9 12.6 
Diorthotolylpseudothiohydantoin, 
CH,—S 
| 
CO C=NC,H,. 
eae 
NCH, 


Fifty grams of diorthotolylthiourea and 20 grams of chloracetic 
acid were mixed in alcohol and the solution warmed for several 
hours. Upon cooling, colorless, flat prisms separated which, 
on crystallizing from alcohol, melted at 151°-152°, and a 
nitrogen determination gave: 


Calculated for 
Ci7HigON2S. Found. 


Nitrogen. ..ceee cece cece ccccceccccccvcce 9.4 9-7 
This hydantoin is readily soluble in alcohol and strong acetic 
acid but insoluble in alkali. 
Benzaldiorthotolylpseudothiohydantoin, 
C,H,CH=C—-S 


| 
CO C=NCH,. 
NCH, 
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This formed slender, light yellow prisms, when crystallized from 
alcohol, melting at 179°-180°. It is readily soluble in alcohol and 
insoluble in alkali. A nitrogen determination gave: 


Calculated for 
CogHopOANoS. Found. 


Nitrogen. -.+seeee sees cceececeecceecencs 7.29 7.65 
The sodium ethylate addition product, C,,H,,ON,S.NaOC,H,, 
was obtained as a light yellow powder which did not melt at 275°. 
It was crystallized from alcohol and analyzed with the following 


results : 
Calculated for Found. 
CogHo,02NoSNa. I. II. 
Nitrogen .-... cece eee eee cece 6.19 6.21 6.13 


Paradimethylaminophenylthiourea, 
H,N—CS—NHC,H,N(CH;)., was prepared from p-dimethyl- 
phenylene diamine hydrochloride and ammonium thiocyanate, in 
the usual manner. On crystallizing from alcohol, it formed a 
pale yellow powder which melted with effervescence at 180°-181°, 
giving a red liquid. A nitrogen determination gave: 


Calculated for 
CoH 3N;S. Found. 


Nitrogen nie ae -wiglelv bi ea aie eo nenwleta a Aieue Were 21.53 21.38 
Paradimethylaminophenylthiohydantoic acid, 
HOCOCH,S—C(NH)—NHC,H,N(CH;)., was obtained from 
the above by warming with alcoholic ammonium chloracetate. It 
separated as a light yellow, insoluble powder. 
Paradimethylaminophenylpseudothiohydantoin, 
CH,—S 
te 
CO C=NC,H,N(CH,),. 
ae 
NH 
The above thiohydantoic acid was warmed with an excess of 
glacial acetic acid until solution took place. The acid was then 
neutralized with sodium carbonate and the precipitate was washed, 
dried and crystallized from alcohol. It formed a finely divided, 
dull yellow powder which sintered at about 210° and melted at 
222°. A nitrogen determination gave: 


Calculated for 
Ci, H)30N;S. Found. 


IN as ihinnaeccenests se casaee cesaes 17.87 18.20 
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Paranitrobenzalparadimethylamino phenyl pseudothiohydantoin, 
O,NC,H,CH=C——S 
| 


| 
CO C=NC,H,N(CH,),. 


he 
NH 


Molecular quantities of paranitrobenzaldehyde, sodium ethylate 
and the above hydantoin were’ warmed for several hours in alco- 
holic solution. The alcohol was then evaporated and the residue 
was treated with water and acetic acid; the product was a deep 
red powder, insoluble in water and only slightly soluble in alcohol. 
For analysis it was boiled with water and alcohol. It then melted 
at about 250°-252° and a'nitrogen determination gave: 


Calculated for 
CigH)g03N4S. Found. 


Nitrogen a lua mim @-ofe' alata wi eilareranareial cele avelpalelerw are 15:2 14.9 
Phenylpseudothiohydantoinglyoxylic acid, 
HOCOCOCH—S 


bo a 
a 
Ten grams of phenylpseudothiohydantoin, 1.2 grams of sodium, 
and 10 grams of ethyl oxalate were dissolved in alcohol and 
allowed to stand for two days. The solution was then heated to 
boiling for a few minutes and allowed to cool. The yellow sodium 
salt which separated was filtered and decomposed by dilute acetic 
acid. The product then crystallized from alcohol or amyl acetate 
in minute yellow crystals which melted, with effervescence, to a 
dark red liquid at about 221°-222°. A nitrogen determination 


gave: 


Calculated for 
Cy, Hg04NoS. Found. 


Nitrogen. ....ccee sce ccccee cece cece cece 10.6 10.7 
This acid is insoluble in water and difficultly soluble in alcohol. 
‘Lhe silver salt was prepared by dissolving the acid in dilute alco- 
holic sodium hydroxide and adding silver nitrate. It formed a 
slate-colored amorphous precipitate which gave the following 
result on analysis: 


Calculated for 
C)1;HpO4NoSAQo. Found. 
BUVEN c+) daisse. 4.05 co ese Cabs Keclecerenieees 45.1 45.2 
NEW HAVEN, CONN., 
January 20, 1903. 
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THE SYNTHESIS OF ALKYLTHIOKETODIHYDROQUINAZO- 
LINES FRO?1 ANTHRANILICNITRILE. 


By MARSTON T. BOGERT, H. C. BRENEMAN, AND W. F. HAND. 
Received February 16, 1903. 


THEORETICAL PART. 

The methods for the production of alkylketodihydroquinazolines 
from anthranilicnitrile all depend upon the intermediate formation 
of acyl derivatives of anthranilamide, which then condense to the 
quinazoline by loss of water. In brief, these methods are as 
follows : 

(1) Preparation of anthranilamide from the nitrile, conversion 
to an acyl derivative, and condensation of the latter by the action 
of heat, acids or alkalies, as worked out by Weddige and his 
students, by Niementowski and others :* 


MA, NH, 
CHK '+H,0= CHK ~ 
CN CO.NH, 
NH, /NE.COR 
CHK + (R.CO),0 = GHC + R.COOH. 
CO.NH, CO.NH, 
N—C—R 
as. N =0-—28 
cu | & + neat, ete, = CH, + H,O. 
ie bie ae Hi \co—N—H 
\co—N—H 


(2) By the action of warm alkaline hydrogen peroxide solution 
upon acylanthranilicnitriles :? 


NH, /NHCO.R 
C,H, + (R.CO),0 = CHK + R.COOH. 
CN CN 
NH.CO.R NH.CO.R 
C,H, +H,O=CHC = 
CO.NH 
N=CR 
C,H, | +H,O 
—N.H 


1 Weddige: /. prakt. Chem. [2], 31, 124 (1885); 36, 141 (1887); Korner: /d2d., 36, 155 
(1887); Niementowski: Ber. d. chem. Ges., 21, 1534 (1888), and J. prakt. Chem. [2], 40, 1 
(1889); Knape: J. prakt. Chem. [2], 43, 209 (1891) ; etc. 

* Bogert and Hand: this Journal, 24, 1031 (1902). 








1S 





ALKYLTHIOKETODIHYDROQUINAZOLINES. 373 


(3) By heating anthranilicnitrile in sealed tubes with acid anhy- 
drides :* 


NH, /NH.CO.R 
CHK * + (R.CO),0 = CHK + R.COOH. 
CN CN 
Jeeco.8 NH.CO.R 
CHC — R.COOH = CH = 
CN CO.NH.CO.R 
N = C—R 
CHK | _ +R.COOH. 

CO—N—H 


In (1) the amide is first formed and then acylated, in (2) 
the acyl group is introduced first and the nitrile then changed to 
the amide, while in (3) both reactions are accomplished in one 
operation, the amino group being the first point of attack. 


An examination of the reactions involved in methods (1) and 
(2) will immediately suggest to the reader, as it did to us, the 
possibility of preparing the corresponding thio derivatives by a 
similar series of reactions, in which the thiamide should be the 
intermediate product, instead of the oxygen amide. As the result 
of the practical testing in the laboratory of this idea, we are able 
to report the following new methods for the preparation of thio- 
quinazoline derivatives : 

(4) Anthranilic nitrile is converted to the thiamide by the 
direct addition of hydrogen sulphide, the thiamide acylated, and 
the acyl derivative then immediately condenses to the thioquinazo- 
line by loss of water, the reactions involved being similar to those 
given under (1). 

(5) The nitrile is first acylated, hydrogen sulphide then added 
to the cyanogen group, and the resulting acylthiamide condenses 
to the thioquinazoline as just noted, the reactions being similar to 
those given under (2). 

The relation of methods (4) and (5) to one another appears 
clearly in the following diagram: 


1 Bogert and Hand: Loc. cit. 
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NE, 
HS =CGHC , + (R.CO),0 
ea CS.NH, 
NH, /NHCOR 
CHK CHC iii 
CN CS.NH, 
vi /NH.CO.R_} 
(R.CO),0 = CHC HS. 
CN 
N=CR PN=CR 
CH = CHA, 
\cs—NH \c=n 


(6) The reactions involved in method (5) may be carried out 
practically simultaneously by treating the aminonitrile with an acid 
anhydride and sodium sulphide. The anhydride first acylates 
the amino group, the organic acid thus separated as the by-product 
liberates hydrogen sulphide from the sodium sulphide, this hydro- 
gen sulphide attaches itself to the cyanogen, and the acyl thiamide 
thus produced condenses as usual to the thioquinazoline, the entire 
series of reactions being completed in one operation : 

NE /NH.CO.R 
CHK + (R.CO),0 = CoH + R.COOH. 
CN CN 


2RCOOH + Na,S = 2R.COONa + H;S. 
NH.CO.R NH.CO.R 
CHK os +H,S=C,H = 


‘\cs.NH, 
CHK — | +H,0. 
CS—NH 


The sodium salt formed probably assists in some cases in the 
elimination of the water for the final condensation. This synthe- 
sis may be carried out in open flasks or in sealed tubes. So far, 
our results have been rather better with sealed tubes, and we have 
found it advantageous to use an excess of the sulphide. 

(7) By the use of thio acids, in sealed tubes, the same results 
may be secured, likewise, in a single operation. The thio acid first 
acylates the amino group with liberation of hydrogen sulphide, 
and as this hydrogen sulphide cannot escape from the tube it at- 
taches itself to the cyanogen, and the condensation already de- 
scribed then takes place: 


cg ws 
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NH, /NH.CO.R 
CHK + HS.CO.R= CHC +Ee= 
CN CN 
NH.CO.R YN =CR 
CHKX =CHC | +H,0 
CS.NH, CS—NH 
S% 2m 
n=ce 2 WO Ree 
CHL | =| | = 
““\es-nH (A __/N-H 
VV \4% 
| 
S 
(8) (1) 


/\. JN 
7) ~~ 4 Nc=R (2) 


| 
(6) N (3) 
a 
5 


(4) 

The thioquinazolines obtained by these reactions belong to a 
different type from any hitherto recorded, in that they carry the 
sulphur atom upon the carbon adjacent to the benzene nucleus 
(i. e., at position 4), while in those already known the sulphur is 
attached to the carbon between the two nitrogens (i ¢., at position 
2), as in the following compound :* 

NH— CS 
C,H , 
*‘\cu,—NH 

In the preparation of the methyl, ethyl, normal and isopropyl 
derivatives by these methods, the condensation product invariably 
separated in beautiful golden yellow crystals which were quite 
easily purified, and the yield in several cases was nearly quanti- 
tative. 

EXPERIMENTAL PART. 
o-Aminobensthiamide, H,NC,H,CSNH,.—This was prepared 
by placing anthranilicnitrile in a strong glass tube, adding alcohol 


which had been previously saturated at 0° with dry ammonia and 


1 Compare Stewart : J. praki. Chem., [2], 44, 415 (1891) ; Busch: Ber. d. chem. Ges., 2§, 
2853 (1892) ; Paal and Commerell : Jé7d., 27, 1866, 2427 (1894); Paal and Vanvolxem : /did., 
27, 2413 (1894) ; Busch and Brunner: /. prakt. Chem., [2], §2, 373 (1895) ; etc. 
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dry hydrogen sulphide, sealing the tube and heating at 100° for 
several hours. Generally, the thiamide crystallized out as the 
tube cooled. The crystals thus obtained, if washed with ether, to 
remove unchanged nitrile, and recrystallized from alcohol, were 
quite pure. Where no crystals separated in the tube, evaporation 
of the alcoholic solution gave large yellowish cubical crystals of 
the thiamide, which melted quite sharply at 120°, and yet which 
contained considerable free sulphur, as shown by check analyses. 
These crystals, when dried, carefully washed with carbon bisul- 
phide (in which the thiamide is also partly soluble) and recrystal- 
lized from water, melted at 121°-122°. The thiamide may be 
precipitated from its concentrated alcoholic solution by the addi- 
tion of chloroform; or, by adding water, the thiamide and nitrile 
may be precipitated together and the nitrile removed from the 
dried precipitate by washing with chloroform, the residue being 
purified by recrystallization, from water. 

The pure thiamide crystallizes in beautiful, light yellow flakes or 
plates, or occasionally in cubical crystals, melting-point 121°-122°. 
It is difficultly soluble in water, ether or chloroform in the cold, 
moderately soluble in the same solvents when boiling, and soluble 
in alcohol or carbon bisulphide. The substance softens under 
boiling water. Some of the purified product was analyzed, with 
the following results : 








Found. 
Calculated for ~ 
C;HgN2S. I. Lt. qT. IV. w 
Carbon... +... 55.260 55.36 
Hydrogen.....-. 5.263 5.31 sees os 
Nitrogen .......- 18.425 ers 18.65 18.55 Secs 
Sulphur......-.. 21.052 see sees 20.81 20.76 


Analysis (I) was made with crystals which had been precipi- 
tated from alcoholic solution by chloroform and subsequently 
purified; analyses (II), (III), (IV) and (V) were made with 
crystals which separated in the tube and were purified by washing 
with ether and recrystallizing. 

The thiamide can also be prepared at ordinary pressure, but we 
have not found the yield so good as when the reaction is carried 
out in sealed tubes. 

N = C—CH, 
2-Methyl-g-thioketodihydroquinazoline, CH Ky : 

CS—NH 
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From o-Aminobensthiamide and Acetic Anhydride.—The thi- 
amide was boiled gently for some time with acetic anhydride, and 
the thioquinazoline produced purified by crystallization from 
dilute alcohol. The yield was not very good. 

From Acetylanthranilicnitrile and Hydrogen Sulphide.—The 
nitrile was heated in sealed tubes at 100° with alcohol saturated 
at o° with hydrogen sulphide and containing a little ammonia. 
The thioquinazoline crystallized out in the tubes, on cooling, and 
was purified by crystallization from 20 per cent. alcohol. The 
yield was good. The same synthesis was accomplished by heat- 
ing in an open flask, but the yield was less satisfactory. 

From Anthranilicnitrile, Acetic Anhydride and Sodium Sul- 
phide.—By heating these substances together in sealed tubes for 
an hour and a half at 100°-110°, the condensation product was 
obtained in beautiful crystals and in good yield. The contents of 
the tube were dissolved in dilute sodium hydroxide solution, the 
thioquinazoline precipitated by a current of carbon dioxide, and 
the precipitate purified by recrystallization from dilute alcohol. 
The tubes should not be heated much above 110°, or decomposi- 
tion is likely to set in. This condensation was also carried out in 
an open flask. On mixing the substances, heat was developed, but 
very little hydrogen sulphide escaped. After heating for an hour 
and a half, the mixture in the flask set to a mass of yellow crystals. 
These were washed with cold water and purified as before. 

From Anthranilicnitrile and Thiacetic Acid.—When these sub- 
stances were heated together in sealed tubes the yield of thio- 
quinazoline was rarely less than 80 per cent. of the theoretical and 
frequently approached quantitative results. The condensation 
product separated in the tubes in crystals which were practically 
pure. 

Properties of 2-Methyl-4-thioketodihydroquinazoline.—The 
product obtained from the above reactions crystallizes from dilute 
alcohol in beautiful, long, yellowish needles or prisms, melting at 
about 218°-219° with decomposition; by careful heating, it may 
be sublimed, and then shows a slightly higher melting-point. It 
dissolves readily in alkalies or in hot alcohol, and is slightly 
soluble in water, ether, chloroform or benzene, when hot. Some 
of the purified product from the action of hydrogen sulphide upon 
acetylanthranilicnitrile was analyzed, with the following results: 
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F und 
Calculated. for nines ve Saiihions 
CoHsSNo. I. II. III. 
CACDO 2202 f.650 ces 9050 61.364 61.29 
Hydrogen ........... 4.546 4.71 Les 
Nitrogen ....++.s02se08. 15.909 rene 15.93 15 96 
Sulphur ....---.....--- 18.181 oeece score otae 


The picrate forms large, light yellow needles, melting at 198.5°- 
199.5°, and is moderately soluble in cold water, more readily in 
hot water or in dilute alcohol, easily soluble in 95 per cent. 
alcohol. 


2-Ethyl-4-thioketodihydroquinazoline. 


From o-Aminobensthiamide and Propionic Anhydride-—The 
thiamide was placed in a strong, glass tube and treated with a 
slight excess of propionic anhydride. Considerable heat was de- 
veloped, and as the temperature rose the amide was thereby com- 
pletely dissolved. On cooling down, the product separated upon 
the sides of the tube in small rose-like masses, the contents soon 
entirely solidifying. The tube was then heated for an hour and a 
half at 110°-115°, when light yellow, cubical crystals separated 
upon cooling, which were washed with dilute alcohol and dried, 
and then appeared to be the pure thioquinazoline. 

From Propionylanthranilicnitrile and Hydrogen Sulphide.—The 
nitrile was dissolved in alcohol, the solution saturated with dry 
hydrogen sulphide and dry ammonia, and heated at 156° for six- 
teen hours. The contents of the tube were then dissolved in 
warm dilute sodium hydroxide solution, the thioquinazoline pre- 
cipitated by a current of carbon dioxide and purified by crystal- 
lization from dilute alcohol. 

From Anthranilicnitrile, Propionic Anhydride and Sodium Sul- 
phide.—By heating these substances together in sealed tubes for 
seven hours at 165°-170°, the thioquinazoline is produced and 
crystallizes out upon cooling. It was purified as described above. 
The same condensation can be secured by heating the mixture in 
an open flask at 100°-125°, the cake of crude crystals thus obtained 
being purified in the usual manner. A rather higher temperature 
and longer heating is necessary than in the case of the methyl de- 
rivative. 

Properties of the 2-Ethyl-4-thioketodihydroquinazoline —The 
ethyl derivative forms yellowish needles, melting at about 203°- 
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204° with decomposition. By careful heating, it may be sublimed 
in needles, which show a somewhat lower melting-point (200.5°- 
201.5°). It is apparently insoluble in cold water, moderately 
soluble in dilute alcohol or in carbon tetrachloride, soluble in alco- 
hol, aniline, benzene, or in caustic alkalies. The purified sub- 
stance from the sodium sulphide method was analyzed, with the 
following results: 





Found. 
Calculated for ; 
CioHSNo. ¥ Il. II IV. 
Carbon ....ecceeseeeee 63.158 63.79 
Hydrogen.....++seeeee 5.263 5.34 “s 
Nitrogen......e.2+ see 14.737 aces TAR FAi90 
Sulphur.......---+---. 16.842 rere Swe 17.50 


The material used in (IV) consisted of crystals taken direct 
from one of the tubes, washed and dried, but not further purified. 
It shows, as expected, slight contamination with free sulphur. 

The picrate crystallizes in coarse needles. 


2-Isopropyl-4-thioketodihydroquinazoline. 


Anthranilicnitrile, isobutyric anhydride and sodium sulphide, 
were heated together in sealed tubes for from three to six hours at 
170°-175°, and the product purified by dissolving in sodium hy- 
droxide solution, precipitating with carbon dioxide and crystal- 
lizing the precipitate from alcohol. Long warming with dilute 
alkali appears to induce partial decomposition with separation of 
gummy substances, so that the alkaline solution should be precipi- 
tated by the carbon dioxide without undue delay. The pure sub- 
stance crystallizes from alcohol in long, light yellow needles, 
melting-point 203°-204°. It will be observed that this melting- 
point is identical with the melting-point of the ethy!l derivative. 


2-Normal Propyl-4-thioketodihydroquinazoline. 


Anthranilicnitrile, -butyric anhydride and sodium sulphide 
were heated together in sealed tubes for eight hours at 182°, and 
the condensation product purified as described for the isopropyl 
derivative. It forms beautiful, light yellow needles, melting at 
182°-183°, which can be sublimed by careful heating. 

It is rather interesting to note that the melting-point of these 
thioquinazolines steadily sinks with increasing molecular weight, 
the iso-compounds melting higher than those with normal struc- 
ture. We have already called attention in previous papers to a 
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similar condition of affairs in the case of the corresponding 
oxygen alkylketodihydroquinazolines and in the acylanthranilic- 
nitriles. The solubility, however, diminishes with increasing 
molecular weight. 

All melting-points recorded in this paper were determined with 
Anschiitz short-scale thermometers, standardized by the Reichs- 
Anstalt, the entire mercury column being immersed in the heating 
medium. 

The work is being continued. 


ORGANIC LABORATORY, HAVEMEYER HALL, 
COLUMBIA UNIVERSITY, January 31, 1903. 


ACTION OF METALLIC MAGNESIUM UPON AQUEOUS 
SOLUTIONS'. 


By LouIs KAHLENBERG. 


Received January 31, 1903. 

It has long been known that metallic magnesium acts extremely 
slowly upon distilled water, and that it practically does not act at 
all upon solutions of the caustic alkalies. In 1899 Tommasi? 
made qualitative investigations of the action of magnesium on 
aqueous solutions of the following salts: KCl, NH,Cl, CaCl,, 
MgCl,, NaCl, LiCl, BaCl,. SrCl,, CuCl,, CdCl,, PbCl,, HgCl,, 
FeCi,, CrCl,, PtCl,, AuCl,, CuSO,, ZnSO,, FeSO,, MnSO,. He 
found that from solutions of sodium, potassium and lithium 
chloride, magnesium liberates hydrogen more rapidly than from 
pure water, magnesium hydroxide being formed. Solutions of 
the chlorides of barium, strontium, and calcium were acted upon 
but feebly by magnesium, but ammonium chloride solution was 
attacked at a lively rate. From solutions of the salts of the heavy 
metals mentioned above, hydrogen was liberated by magnesium, 
the chloride or sulphate of that metal being formed, and a basic 
salt or hydroxide of the heavy metal, or the latter ‘in the metallic 
state, precipitated. No theoretical explanations were attempted. 
In the same year G. Lemoine® called particular attention to the 
action of magnesium upon aqueous solutions of magnesium salts. 
He used solutions of the nitrate, chloride, sulphate and acetate of 
magnesium, but worked especially with the last three salts. From 


1 Read at the Washington meeting of the American Chemical Society, and at the meet- 
ing of the Wisconsin Acalemy of Sciences, Arts and Letters at Madison, December 26, 1902. 

2 Bull. Soc. Chim., (3) 21, 885-887 (1899). 

3 Compt. Rend., 29, 291 (1899). 
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aqueous solutions of these salts, magnesium liberates hydrogen 
rapidly and continuously. Using magnesium in form of powder, 
he found that about 0.4, the calculated amount of hydrogen, was 
liberated from a magnesium chloride solution when the powder 
was present in excess, the action being finally checked by the 
accumulation of the precipitate formed; but up to the maximum, 
the quantity of hydrogen disengaged was nearly proportional to 
the amount of magnesium added. After magnesium had acted 
upon the solutions of the chloride and acetate, these were found to 
contain but a relatively slight excess of the base. The analytical 
data show that the precipitates formed were very basic chloride 
and acetate of magnesium respectively. In the case of the mag- 
nesium sulphate the solution was much weaker after the mag- 
nesium had acted upon it, a very considerable portion of the salt 
having been thrown down in combination with the magnesium 
hydroxide in form of a basic sulphate of magnesium. Lemoine’s 
explanation of the action of magnesium on solutions of magnesium 
salts is that in these solutions the salts are slightly decomposed 
into magnesium hydroxide and free acid. This acid acts on the 
metal, forming hydrogen and a basic salt which breaks up into the 
normal salt and hydroxide of magnesium; the latter finally drops 
out of solution and the reaction begins anew. In advancing this 
explanation it would certainly seem that Lemoine did not give due 
weight to the fact that the reaction of the solutions of the mag- 
nesium salts toward indicators is perfectly neutral at the outset, 
and that soon after introducing the magnesium it becomes alkaline 
and remains so, while the liberation of hydrogen continues un- 
abated. There are thus no facts upon which to base the assump- 
tion that the salts he used are even slightly decomposed by water 
into free acid and magnesium hydroxide. 

H. Mouraour’ again directed attention to the fact that magne- 
sium liberates hydrogen readily not only from solutions of its own 
salts, but from solutions of other salts as well. He found solu- 
tionsofthe carbonate, chloride, oxalate and sulphide of ammonium 
strongly acted upon; but no action was observed in the case of a 
solution of ammonium fluoride. Sodium carbonate, acetate and 
tetraborate solutions were strongly acted upon, as were also solu- 
tions of ordinary and chrome alum. On the other hand, the action 

1 Compt. Rend., 130, 140 (1900). 
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was feeble on solutions of sodium phosphate, nitrite, thiosulphate, 
potassium ferrocyanide and the chlorides of barium, calcium and 
potassium. The work was entirely qualitative in character. 
Mouraour states that while Lemoine’s explanation of the action 
may hold good in the case of solutions of chloride of magnesium, 
for instance, for the most of the salts last mentioned it is inade- 
quate. In the case of the ammonium salts, Mouraour ascribes the 
action to the fact that solutions of these salts dissolve magnesium 
hydroxide. But he states that in the case of the salts of lead, 
copper, mercury and cobalt, from which magnesium precipitates 
the heavy metals and simultaneously liberates hydrogen, we have 
‘a secondary action of the magnesium on the water of the solution. 
He deems it very difficult to explain the phenomena in the cases 
last mentioned, stating that it is not probable that salts of these 
heavy metals favor the solubility of magnesia. Mouraour 
was apparently not aware of the work of Tommasi. As a matter 
of fact, magnesium hydroxide is not formed at all when solutions 
of the heavy metals named are acted upon by magnesium; the 
salt of the latter metal forms and remains dissolved, the basic salt 
or hydroxide of the heavy metal being precipitated. In fact, the 
cases which Mouraour finds difficult to explain are really most 
readily explained, for the salts of the heavy metals are indeed 
slightly decomposed by water, a small quantity of free acid being 
liberated as the acid reaction of such solutions clearly shows. 
This acid acts on the magnesium, evolving hydrogen and forming 
the corresponding magnesium salt, a basic salt or hydroxide of the 
heavy metal resulting simultaneously. 

In presenting to my students the various ideas that have from 
time to time been entertained by scientific men regarding the nature 
of solutions, I have always laid considerable stress upon the view 
that the process of solution depends upon a mutual interaction of 
solvent and solute, and that solutions are chemical combinations? 
of solvent and solute according to variable proportions. Although 
this view has of recent years been relegated to the background by 
many, it certainly has a formidable array of facts to support it; 
and such facts have really been accumulating more and more, 
though the investigations yielding them have been guided to a 
considerable extent by the analogy between gases and solutions. 


1Compare Mendelejeff : ‘‘ Principles of Chemistry,"’ Vol. I; Pickering, on solutions, 
Watts’ ‘Chemical Dictionary;’’ Horstmann, Graham-Otto: ‘‘ Lehrbuch der Physikal- 
ischen und Theoretisthen Chemie,” Vol. II. 
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If when a substance is dissolved in water chemical combination 
between that substance and water takes place, the liberation of 
hydrogen from the solution ought to result with a different degree 
of readiness than from pure water. With this as the guiding 
idea, Mr. O. W. Brown and Dr. H. V. Black at my suggestion 
made some preliminary experiments in this laboratory last sum- 
mer, comparing the rate with which hydrogen is evolved from 
various aqueous solutions by the action of magnesium upon them. 
In the course of these experiments (among which many of the 
observations of the above named French investigators were con- 
firmed, though at the time their researches had not been looked 
up) it was found that hydrogen was liberated with different 
rapidity in the case of each solution tested, and that this rate was 
different from that observed when pure water was used. To my 
regret Messrs. Brown and Black were unable to continue these 
investigations, much as they were inclined to do so. It seemed to 
me well worth while to follow out somewhat further the work 
thus begun, and the results obtained in investigating the subject 
will now be presented. 

The metallic magnesium used was of Schuchardt’s manufac- 
ture. It was carefully tested and was found to be free from 
carbon, and from alkali and alkaline earth metals. 0.8593 gram 
of the metal yielded 0.0036 gram of the mixed sesquioxides of 
iron and aluminum. Other metals were not present in the mag- 
nesium. The latter was cut into bars of square cross-section 
measuring 5 mm. on an edge, and having a length of 57.5 mm., 
thus presenting a surface of 1200 sq. mm. A large number of 
such bars was prepared. In each liquid to be tested, such a bar 
was immersed, its surface being first carefully cleaned with fine 
emery cloth. The action of the metal upon the liquid was noted 
and the volume of hydrogen evolved at different times was ob- 
served. The experiments were conducted at room temperature 
which was nearly 20°. The ordinary distilled water of the labora- 
tory was used. The chemicals were either of Kahlbaum’s or 
Schuchardt’s manufacture; they were tested as to their purity, 
special care being taken to see that they were free from traces of 
heavy metals, and in the case of the salts employed, that they were 
perfectly neutral. Although only one series of results will be 
given in each case, each series was checked by at least one 
additional independent series. In the tables that follow, the first 
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column indicates the solute employed; the heading of each suc- 
ceeding column indicates the time that a bar of magnesium acted 
upon the solution in order to liberate the volume of hydrogen 
given in that column. 


TABLE I. 


(Solutions contain 2 gram-mols. per liter, except the mannite and sodium 


sulphate solutions, which contain 1 gram-mol. per liter.) 
2.5 hours. 23.5 hours. 47.5 hours. 53 hours. 
ce. ce. Ce. cc. 


Solute. 
Distilled water (alone).-..-- 0.02 0.10 15 1.8 
IRRREA . 4 b:6n wis 6 ooe-sve we ed: eee 0.40 7.6 7.8 
Glycerin pane cis wereeebuemes 0.01 0.05 0.5 0.55 
Cane-sugar eee ccce cece veeece 0.10 0.65 I.0 I.2 
Mannite «ocesccccccccccescce 0.08 0.20 0.4 0.55 
CES ers rae o 10.6 29.0 31.0 
Sodium chloride ............ 7.4 49.8 (discontinued )! 
Sodium sulphate ..........+- 2.4 9.9 18.0 18.8 


In the case of the urea solution, ammonia as well as hydrogen 
was liberated. When sodium nitrate solution is treated with 
magnesium, only a slight amount of hydrogen is actually evolved ; 
this is due to the fact that the salt is reduced to nitrite. From a 
solution of ammonium chloride containing 2 gram-mols per liter, 
over 50 cc. of gas, consisting of hydrogen and ammonia, were 
liberated by one of the bars of magnesium in five minutes. 


TABLE II. 
(Solutions contain 1 gram-mol. per liter. ) 
1 hr., thr., 2hrs., 4hrs., 
25min. 4omin. 50 min. thr. 20min. 35min. 56min. 23 min. 
Solute. cc. ce. cc. cc. ce. cc. ec, ec. 
MgCl, --- + 13.0 18.5 22.0 24.8 30.5 33.8 (discontinued ) 
MgBr,-.-.-. 4.8 7.0 8.5 9.9 13.0 14.8 24.5 33.4 


MgSO, ---- 5.9 9.4 11.6 13.75 18.5 21.5 36.4 50.5 
Mg(NO;),- 0.2 0.35 0.4 0.45 0.6 0.65 1.2 1.6 


TABLE III. 
(Solutions contain 1/10 gram-mol. per liter. ) 
3 hrs., 4hrs., 5 hrs., 22 hrs., 
25 min. 35 min. 31 min. 5 min. 32 min. 34 min- 
Solute. cc, cc. ce. cc, cc. cc. 
Mg(Cl,...--- 10.8 14.0 43.1 47.6 (discontinued ) 
MgBr,....-- 1.8 2.4 7.9 8.6 10.3 25.0 
MgSO,...-. 1.8 2.4 7.9 8.6 10.3 27.0 
Mg(NO;). ++ 0.2 0.3 137 1.8 2.2 3.6 


1 The word “‘ discontinued” when used in the tables means that the experiment was dis- 
continued, not that the hydrogen ceased to be evolved. The experiments in these cases 
had to be stopped because more gas could not be held in the tube used. 
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TABLE IV. 
(Solutions contain 1/100 gram-mol. per liter. ) 
2 hrs., 3 hrs., 5 hrs., 22 hrs., 
17min, 31min. 4§min. qggmin. 25min. 37min. 25min. 49 min. 
Solute. ce. ce: ce. cc. ec. ce. ce. ce. 
MgCl,---- 1.8 3.2 4.7 5-2 12.2 15.6 20.0 43.0 
MgBr, --- 1.4 2.0 2.6 2.8 5.8 72 9.6 20.9 
MgSQ,:--- 1.5 2.4 3.0 3:2 6.8 8.8 11.6 29.6 
TABLE V. 
(Solutions contain 1 gram-mol. per liter. ) 
17. min. 31 min. 45 min. 49 min. 
Solute. ee. ee. ce. ce. 
KCl oc ccee ceccee ceccece 11.5 17.5 22.5 24.0 
KCl + MgCl, «+++. -0e- 15.0 23.0 29.4 31.4 
TABLE VI. 


(Solutions contain 1/10 gram-equivalent per liter. ) 
2min. 4min. 6min. iurmin. 16min. 28min. 33min. 36min. 46 min. 
Solute. cc. ce. ce. ce. 5 ee. ce. ce. 
H,SO, 3.2 8.0 12.0 21.0 28.0 37.6 40.4 41.8 45.6 
Imin 3min. 5 min. 7min. «mmin. 14min. 24min. 2 min. 49 min. 
ce. ee. ce. c cc. cc ce. ce. 


HCl... 30 $5 14.0 19.0 27.5 31.4 39.4 43.5 48.8 


(Solutions contain 1/100 gram-equivalent per liter. ) 


1 hr., 1 hr., 3 hrs., 
5min. 1omin. 17min. 20min. jomin. 4gomin. 5 min. 20min. 37 min. 
ec. ce C. ce. Cc ce. ce. ce. 


H,SO, 0:4 £2 2.0 25 3.6 4.6 7.0 8.4 14.3 
HCl... 04 4,2 2.0 2.5 3.6 4.7 7.0 8.0 11.8 
It was found that in normal potassium or sodium hydroxide 
solutions no measurable amount of hydrogen was evolved intwenty- 
four hours, themagnesium remaining perfectly bright. Solutions of 
magnesium nitrate when treated with magnesium yield nitrite 
and finally ammonia, which accounts for the small amount of 
hydrogen liberated by this salt as compared with other salts of 
magnesium. From solutions of magnesium acetate and iodide, 
magnesium also evolves hydrogen rapidly. A magnesium sul- 
phate solution was treated with a large excess of finely divided 
magnesium, but no reduction of the salt to sulphite took place. 
From a solution of crystals of MgCl, + 6H,O in glycerin of 1.27 
sp. gr., magnesium evolves hydrogen; the action is much in- 
creased upon heating. Anhydrous magnesium chloride (prepared 
from the double magnesium ammonium chloride) dissolved in 
glycerin of 1.27 sp. gr. acts slowly on magnesium; this action is 
greatly increased upon raising the temperature. The glycerin 
itself acts only very slightly on magnesium even on heating. 
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From MgCl, -+ 6H,O melted in its crystal water, magnesium 
evolves hydrogen readily. A saturated solution of MgCl, + 6H,O 
in ether does not attack magnesium. From a solution of I gram- 
mol. MgCl, +-6H,O in 99.5 per cent. alcohol a bar of magnesium, 
of the size above described, evolved 2.5 cc. hydrogen in twenty- 
three hours and forty-seven minutes, while from 99.5 per cent. 
alcohol alone a like bar of magnesium liberated 0.9 cc. gas in 
twenty hours and forty-four minutes. Table I shows that from 
distilled water there was evolved under like conditions only 0.1 cc. 
in twenty-three and a half hours. 

The results in Table I show that during the first twenty-three 
and a half hours all the solutions except that of glycerin act 
more vigorously on magnesium than on water alone. Through- 
out the experiment the glycerin solution lags behind water. After 
forty-seven and a half hours, more gas has been evolved from the 
water than from the solutions of glycerin, sugar and mannite, and 
the same holds true after fifty-three hours. It is especially inter- 
esting to note that the alcohol solution is much more vigorous in 
its action on magnesium than is pure water. The urea solution is 
relatively vigorously attacked, though, as has been stated, ammo- 
nia is also formed in this case. Again, sodium chloride solution 
is much more vigorous in its action than sodium sulphate solution 
of equivalent strength. 

Tables II, III, and IV show that magnesium evolves hydrogen 
from solutions of magnesium salts at a fairly rapid rate. The 
solutions of the magnesium chloride are the most vigorously 
attacked in all cases. In the solutions containing 1 gram-mol per 
liter (Table II) the sulphate solution is acted upon more vigor- 
ously than that of the bromide; in the solutions containing 0.1 
gram-mol per liter (Table III) hydrogen is evolved from the 
bromide and sulphate solutions at an equal rate for about five 
hours, within the limits of experimental error, while in the solu- 
tions containing 0.01 gram-mol per liter (Table IV) hydrogen is 
again evolved more rapidly from the sulphate solution than from 
that of the bromide. In the solution of nitrate of magnesium, 
nitrite is formed, as mentioned above, which accounts for the fact 
that but little gas appears in the case of this salt. Table V shows 
that the potassium chloride solution containing 1 gram-mol per 
liter acts fully as vigorously as a magnesium chloride solution of 
I gram-mol per liter. The double potassium magnesium chloride 
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acts still more strongly, as the table indicates. The observation 
that potassium chloride solutions act readily on magnesium agrees 
with that of Tommasi; Mouraour called the action feeble. 

At my request, Mr. W. R. Mott measured the so-called single 
differences of potential between magnesium and some of the salt 
solutions in question. The measurements were made against the 
normal calomel electrode, the potential of which was taken to be 
—o.56 volt. He found that at 20° C. the single potential between 
magnesium and sodium chloride solution (2 gram-mols per liter) 
is +1.163 volts; between magnesium and sodium hydroxide (1 
gram-mol per liter) +1.111 volts, between magnesium and potas- 
sium hydroxide (1 gram-mol per liter) +-1.140 volts; between 
magnesium and potassium hydroxide (0.1 gram-mol per liter) 
1.105 volts; and between magnesium and magnesium sulphate 
(1 gram-mol per liter) + 1.366 volts. Each result represents the 
average of four determinations in which different bars of magne- 
sium were used. In the sodium chloride solution, the electro- 
motive force changes but slightly with the time; in the caustic 
alkali solutions, the electromotive force tends to fall with lapse of 
time, while in the magnesium sulphate solution the electromotive 
force increases on standing. 

The explanation of the above-described phenomena of the 
action of metallic magnesium upon aqueous solutions will now be 
considered. In the case of the saline solutions, one might feel 
inclined to assume that the salt acts upon the water liberating a 
certain amount of free acid which attacks the magnesium, resulting 
in the liberation of hydrogen and the formation of a normal or 
basic salt or hydroxide of magnesium, according to the nature of 
the solution under treatment.1. This would be an attempt to 
extend Lemoine’s interpretation of the action of magnesium upon 
aqueous solutions of its salts to all aqueous saline solutions. As 
stated above, there is ground for this explanation in the case of 
salts of the heavy metals, whose aqueous solutions, as is well 
known, have acid reactions indicating that they are indeed slightly 
decomposed by water yielding free acid. But in the case of salts 


1 In the language of the dissociation theory, preferred by some, it would mean that in 
saline aqueous solutions from which magnesium liberates hydrogen more readily than 
from pure water, the salt reacts upon the water slightly liberating some free acid, which 
in turn is electrolytically dissociated, yielding free hydrogen ions. The concentration of 
hydrogen ions in such solutions would then be greater than in pure water (which is sup- 
posed to be only slightly electrolytically dissociated) and this would account for the more 
vigorous action of magnesium upon saline solutions. 
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of Mg, Ca, Ba, Sr, K, Na, Li, there is no experimental evidence 
upon which to base the assumption that in their aqueous solutions 
there is any free acid present. Moreover an alkaline reaction is 
imparted to the solutions of these salts by the magnesium soon 
after it has been immersed in them, and yet this alkalinity does not 
interfere with the evolution of hydrogen.” 

There are no facts upon which to base the assumption that mag- 
nesium chloride in aqueous solution suffers greater hydrolytic de- 
composition (of which free hydrochloric acid is one of the 
products) than do the chlorides of calcium, barium and strontium 
for instance; and yet solutions of the last three salts are acted 
upon but feebly by magnesium, while from the magnesium chlo- 
ride solution hydrogen is rapidly evolved. This point is illus- 
trated still more strikingly by the fact that solutions of sodium 
and potassium chlorides are relatively strongly attacked by mag- 
nesium; what reasons are there to assume that these salts are de- 
composed more by water than those of the alkaline earth metals? 
And again, would it be rational to suppose that because potassium 
chloride solutions attack magnesium more readily than sodium 
chloride solutions, the former salt is decomposed more by water 
than the latter? But the difficulty of this mode of explanation 
becomes even greater in the case of the non-saline solutions. So 
for instance the alcoholic solution is acted upon more vigorously 
than pure water; clearly there is no chance for assuming free 
acid to be the active agent in the case of this solution.” 

The idea that Mouraour advances in the case of solutions of 
ammonium salts, namely, that the solubility of magnesium hy- 
droxide in them determines the liberation of hydrogen from them 
by action of magnesium, might possibly be applied to other solu- 
tions and so the attempt be made to generalize this explanation. 
In addition to the ammonium salts, there are several cases that 
might be considered to favor this view. So magnesium hydroxide 
is less soluble in solutions of sodium and potassium hydroxide 


1 According to the dissociation theory, such an alkaline solution would contain fewer 
hydrogen ions than pure water, and yet hydrogen is evolved faster from them than from 
water. 

2 Indeed from the standpoint of the dissociation theory one would have to hold that 
the alcohol solution contains fewer hydrogen ions than are present in pure water, and 
hence action ought to be less than in the latter. Moreover from the point of view of this 
theory, magnesium ought to act rather less on solutions of magnesium salts, for the pres- 
ence of magnesium ions would militate against the formation of more of them. And 
again, the difference of potential between magnesium and a magnesium sulphate solution 
ought to be less than between magnesium and a sodium chloride solution ; the facts show 
that just the opposite is true. 
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than in pure water, and the fact that these solutions do not attack 
the metal as much as does water might be regarded as a support 
for the view advanced. Again, since ammonium fluoride solution 
is not acted upon by magnesium, and since the hydroxide and the 
fluoride of magnesium are insoluble in a solution of ammonium 
fluoride, this might be urged as another striking instance of the 
same kind. It would, however, be a delusion to think that the 
insolubility of magnesium hydroxide in these solutions is what 
prevents the magnesium from acting upon them. This becomes 
evident from the following experiment. On making magnesium 
amalgam (by heating magnesium and mercury together) and 
treating normal solutions of potassium and sodium hydroxide 
with the same, I found that hydrogen is very rapidly evolved, 
magnesium hydroxide formed, and mercury set free from the 
amalgam. Solution of ammonium fluoride is also violently at- 
tacked by magnesium amalgam with the concomitant liberation of 
hydrogen. Mere contact of magnesium and mercury in these 
solutions will not bring about this action, the amalgam must be 
used. 

At a given temperature and pressure the course that a chemical 
reaction will take is determined (1) by the chemical affinity be- 
tween the reacting substances and (2) by the relative masses of 
these substances. If the system consists of a solid immersed in a 
liquid, the rate of action depends on the amount of surface of the 
solid exposed to the liquid. If the product is an insoluble one and 
closely envelops the surface of the solid that is being acted upon, 
the rate of the action will be diminished because of diminution of 
the surface exposed. This effect of the accumulation of the in- 
soluble product of the reaction increases, the longer the reaction 
goes on, and may finally practically check the process, which is 
clearly shown by the results of Lemoine cited above. While there 
can be no doubt of this effect, nevertheless, the differences in the 
rates of evolution of hydrogen during the times recorded above 
are in general too great to be accounted for solely on the basis of 
accumulation of the precipitate. Of this I became especially con- 
vinced by treating aqueous solutions with sodium amalgam; in 
these cases, where no precipitate forms, similar large differences 
in the rate of evolution of hydrogen occur.’ Again it is well to 


1 This most interesting problem of the action of alkali metals and their amalgams 
upon aqueous solutions is being studied in this laboratory by Mr. Gustav Fernekes at 
present. His work is already well advanced. 
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bear in mind in this connection, that during the time of duration 
of the above experiments but small quantities of magnesium hy- 
droxide or basic magnesium salts were formed; in fact, in many 
cases a precipitate was not at all discernible. I assured myself 
that from a bar of magnesium that had remained in a normal solu- 
tion of sodium chloride long enough to be visibly covered with a 
white coating, hydrogen was nevertheless much more rapidly 
evolved than from a fresh bar of magnesium just placed in water. 

One might further be inclined to ascribe the action of magne- 
sium on these aqueous solutions to mere contact action, 7. ¢., to so- 
called catalytic action of the solute or some of its ingredients. 
Tommasi’ states that in the case of the potassium chloride solution 
we apparently have the best instance of such contact action, for 
here the potassium chloride remains unchanged and the magne- 
sium hydroxide only is formed. Nevertheless even here it is not 
an easy matter to free the latter from “adhering chlorides’ by 
washing. It would scarcely be helpful to dismiss the matter by 
saying that in these diverse solutions the rate of evolution of 
hydrogen is increased by the catalytic action of the solute when 
the hydrogen is liberated more rapidly than from water, and that 
the rate is diminished by the negative catalytic action of the solute, 
when the formation of hydrogen takes place less rapidly than from 
water. 

All the facts above presented are very readily explained on the 
basis of the view of solutions which suggested this research; 
namely, that solutions are chemical combinations of solvent and 
solute according to variable proportions.” It is clear that if water 
is chemically bound to the substance dissolved in it, the readiness 
with which metallic magnesium or sodium amalgam will liberate 
hydrogen from different solutions will in general be different. 
Again, the difference of potential between magnesium and the 
solutions would be expected to be higher in the case of solutions 
that are vigorously attacked than in solutions in which the action 
is slight. The experimental data are in accord with this. If the 
chemical affinity existing between magnesium and the solution 
(regarded as a chemical combination of solvent with solute) is 


1 Loc. cit. 

2 The view that solutions are chemical combinations according to variable proportions, 
does not detract one particle from the law of definite proportions which is well established 
in the case of so very many compounds. Horstmann (oc. cit.) presents the whole matter 
so well that it is unnecessary to dwell further upon it here. 
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sufficient to overcome the cohesion of the magnesium, the latter is 
attacked; from the resulting compound hydrogen splits off, and 
the rest may all remain as a homogeneous liquid (7. ¢., all may 
remain dissolved) or further decomposition into a precipitate, the 
hydroxide or basic salt, and a solution may occur and usually does 
occur after the action has progressed for a sufficient time. If no 
precipitate forms, the rate of change is not diminished by a de- 
crease of the surface of metal exposed, and so the reaction is ap- 
parently aided. The more readily the dissolved products are re- 
moved from proximity of the surface of the metal by diffusion 
aided by mechanical stirring of some kind, the more rapidly 
the change progresses. Usually, as the gas is rapidly evolved, 
the liquid receives considerable stirring from this source. If the 
specific attraction called chemical affinity existing between magne- 
sium and the solution is not sufficient at the temperature of ex- 
periment, to overcome the cohesion of the magnesium, no action 
will take place as in normal potassium hydroxide solution for 
instance; if the affinity is barely able to overcome the cohesion, 
the action will go on very slowly, as in the case of water. As 
stated above, magnesium amalgam does act on normal potassium 
hydroxide solution with vigor, liberating hydrogen, forming 
magnesium hydroxide and setting mercury free. The explana- 
tion of the action is similar to the one just given. Here the 
affinity between the solution and the amalgam is sufficient to 
disintegrate the latter, and magnesium hydroxide forms in spite 
of the fact that it is difficultly soluble. Under the conditions of 
the experiment, it is evidently easier to abstract magnesium from 
magnesium amalgam than to overcome the cohesion of pure 
magnesium. ‘This is in harmony with the fact that magnesium 
amalgam does not form when magnesium and mercury are 
brought together at ordinary temperatures ;! it requires a higher 
temperature in order that the union of the metals will take place. 

The view that solutions are chemical combinations of solvent 
and solute may seem somewhat antiquated at the present time 
when purely physical conceptions of solutions are in predomi- 
nance. But this older view is still held by eminent chemists and 
physicists, for it gives an adequate cause for the process of solu- 
tion, for the thermal changes accompanying the latter, and for the 


1 At ordinary temperatures the affinity between these metals is not able to overcome 
their cohesions. Compare the work of Wanklyn and Chapman on magnesium amalgam 
in the /. Chem. Soc. [London], (2), 4, 141. 
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fact that (exclusive of the mass) the properties of a solution are 
never found to be quite equal to the sum of the properties of 
solvent and solute. Moreover, facts known at present concerning 
both dilute and concentrated solutions are entirely compatible 
with it, and it will no doubt prove a most valuable aid in further 
research. 


LABORATORY OF PHYSICAL CHEMISTRY, 
UNIVERSITY OF WISCONSIN, MADISON, WIS. 


THE VOLUFIETRIC DETERMINATION OF MANGANESE IN 
IRON AND STEEL. 


By HARRY E. WALTERS 


Received January 26, 1903. 

IN a recent number of this Journal, 24, 1206 (1902), there ap- 
peared an article by Stehman entitled ‘““The Determination of 
Manganese in Iron and Steel” in which the author stated that in 
attempting to replace lead peroxide with ammonium persulphate 
and titrating with sodium arsenite, the silver salt, of course, caused 
trouble. If, however, the silver salt is thrown out of solution 
before the titration is begun, as insoluble silver chloride, the de- 
termination of’ the permanganic acid by a standard solution of 
sodium arsenite may be readily accomplished. 

With the exception of the titration, the method is the same as 
that proposed by me in September, 1901.1. While preparing that 
method the writer also tried to make a titration method but with- 
out success, as the hot solutions were titrated and the reaction 
between the excess of persulphate and the silver nitrate caused the 
results to be high and irregular. 

Since the article by Stehman appeared, I have doubted the 
necessity of precipitating the silver as chloride, if the solution be 
cooled before the titration is begun. In order to prove the cor- 
rectness of this view a number of samples were taken and treated 
as follows: 0.2 gram of the samples and a standard steel of known 
manganese content were weighed off into suitable test-tubes or 
beakers and 10 cc. of nitric acid (sp. gr. 1.20) were added to each. 
The solutions were heated until the samples were dissolved and all 
nitrous fumes driven off. Fifteen cc. of a solution of silver 
nitrate equal to 0.02 gram silver nitrate (1.33 grams of the salt to 

1 This Journal, 24, R. 12. 
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1 liter of water) were added to each. About 0.5 gram ammo- 
nium persulphate was added and the solutions were heated until 
the oxidation commenced, and then for about a half minute longer. 
The solutions were then cooled. 

In preparing the iron samples I gram was dissolved in 30 cc. 
of nitric acid (sp. gr. 1.20) filtered into a 100 cc. calibrated flask 
and diluted to the mark. After thorough mixing, 20 cc. of the 
solution were transferred to test-tubes or beakers and a little 
ammonium persulphate added to destroy the combined carbon. 
Five cc. of a solution of silver nitrate (4 grams of the salt to 1 
liter of water) and a little more persulphate were added and the 
procedure continued the same as for steels. 

When the permanganic acid solutions were cold, they were 
treated as follows: 

First Series —The manganese was estimated colorimetrically. 

Second Series—The silver was precipitated as chloride and the 
solutions were then titrated with a sodium arsenite solution until 
the disappearance of the pink color. 

Third Series.—The solutions were titrated with sodium arsenite 
without precipitating the silver as chloride. 

Fourth Series——The solutions were titrated with hydrogen 
peroxide without precipitating the silver as chloride. 

The following results were obtained: 








Arsenite titration. Hydrogen dioxide 
- -— titration. 
Colori- Silver Silver not Silver not 
Sample. metric. precipitated. precipitated. precipitated. 
Steel No. 18 -- 0.28 0.269 0.281 0.27 
oS ees O47 0.46, 0.48 0.47 
“ SS Shoo OSy 0.55 0.544 0.533 
SS a2 ss 0559 0.588 0.595 0.59 
‘s SS 26 <3. O:40 0.44 0.428 0.426 
“33° 0.49 0.495 0.493 0.492 
sO GO-- 0.90 0.92 0.902 0.89 
“SAT + 0.43 8 0.43 0.43 
Iron S.---.--- 0.19 oe 0.21 0.19 
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It will be observed that the results all agree closely whether the 
silver was separated or not, and that hydrogen peroxide (as was 
to be expected) may be used as well as the sodium arsenite. The 
end-point in all these titrations is not as sharp as might be desired 
but I think it is sharper if the silver is not precipitated. If the 
silver is not precipitated, the titration must be done quickly, as 
the persulphate and silver nitrate in solution react to reproduce 
the color, if allowed to stand. 


LABORATORY UNITED ENGINEERING AND FOUNDRY COMPANY, 
LINCOLN FOUNDRY COMPANY DEPT., PITTSBURG, PA. 


THE CORROSION OF IRON. 


By W. R. WHITNEY. 


Received January 30, 1903. 

Ir is my object to add to the literature on this subject, the results 
of some observations of the action of water or steam under various 
conditions upon ordinary iron, coupled with some consideration of 
the principles involved. 

Owing to the great use made of iron and steel, and the depend- 
ence placed upon them, it is not surprising to find that a great deal 
has been written upon the factors influencing their length of life 
when used for various purposes. 

Practically the only factor which limits the life of the iron is 
oxidation, under which are included all the chemical processes 
whereby the iron is corroded, eaten away, or rusted. ‘In under- 
going this change, the iron always passes through or into a state 
of solution, and, as we have no evidence of iron going into aqueous 
solution except in the form of ions (probably electrically charged 
atoms), we have really to consider the effects of conditions upon 
the potential-difference between iron and its surroundings. The 
whole subject of corrosion of iron is therefore an electrochemical 
one, and the rate of corrosion is simply a function of electromotive 
force and resistance of circuit. If now we apply Nernst’s concep- 
tion of the source of electromotive force between a metal and a 
solution, we must conclude from the measured potential-difference 
that iron in contact with an aqueous solution tends to dissolve, 
ionize, or oxidize with a force expressed as equivalent to about 
10,000 atmospheres’ pressure at ordinary temperature. 

In other words, iron should tend to dissolve in any aqueous 
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solution until the concentration of the electrically charged iron 
ions reaches such a concentration that the osmotic pressure is 
equal to the above value. This means that the saturated iron 
solution must be at least 450-fold normal, which is a concentration 
not practically obtainable. Thus far, the theory requires that 
iron should tend to oxidize in any aqueous solution. Whether it 
will do so or not depends on other conditions. Something may 
here be gained by a study of analogies. The dissolving zinc 
electrode of the Daniell or gravity battery, although possessing 
an enormous electrolytic solution-pressure, does not dissolve when 
the electric circuit is broken, but begins oxidizing immediately 
when connected through any external resistance to the copper pole. 
It is not enough then for oxidation or solution of the metal, that 
it have a tendency to dissolve; it must be in metallic connection 
with some other material capable of acting as an electrode, and 
this second electrode, if a positive element, must have a lower 
electrolytic solution pressure than the iron. Iron in contact with 
zinc and an aqueous solution will therefore not dissolve; but if 
copper replace the zinc, the iron will dissolve, the velocity of solu- 
tion in these cases being determined by the resistance of the com- 
plete electric circuit. These two cases are often met with in 
practice. In marine boilers, zinc plates are sometimes suspended 
from the boiler tubes in the water, that they may be attacked 
instead of the iron. On the other hand, scrap iron is used very 
commonly to recover copper from solution in mine waters and 
other copper liquors, in which case the iron rapidly dissolves. 

Hydrogen acts as a metal and is electrolytically classified in the 
group with copper when compared with iron and zinc. That is, 
if a cell were made up on the Daniell model, iron being used in- 
stead of zinc, and hydrogen in place of copper, the cell would 
generate a current when the iron and hydrogen electrodes were 
connected. Iron would then dissolve with a velocity dependent 
on the total resistance of the circuit. So also, and for the same 
reason, iron when placed in a solution containing hydrogen ions 
will dissolve as the hydrogen precipitates, just exactly as when 
placed in the copper salt solution. That iron does oxidize or 
dissolve in all solutions containing appreciable quantities of hy- 
drogen ions is well known. ‘This electrochemical relationship 
between iron and hydrogen is the primal cause of rusting. 

This introduces at once an important point in connection with 
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the subject. Pure water is believed to contain hydrogen ions to 
the extent of approximately I gram for each 10,000,000 liters and 
should consequently act qualitatively like any other hydrogen-ion 
solution in oxidizing iron. It is to this extent an acid. It would 
evidently be quantitatively a very feeble solvent on this basis, if 
for no other reason than the high electrical resistance of the solu- 
tion. This is simply another way of saying that in such a dilute 
solution the hydrogen ions can come into contact with the iron 
only exceedingly slowly, this contact being necessary for the 
action. Whether the iron on oxidation or on dissolving remains 
practically in sitw as an insoluble compound, oxide, hydroxide, 
carbonate, basic salt, etc., or is removed as rapidly as it is oxi- 
dized, depends on the nature of the surrounding medium. If it 
be simply in vapor or in moist air, removal of the iron is out of 
the question. If it be in contact with aqueous solutions, the re- 
moval of the iron will be determined by the nature of the negative 
ions in the solution. If insoluble compounds can form at the 
point of corrosion, the iron will not be removed. This is illus- 
trated by the common precipitation of oxide or rusting due to the 
oxygen dissolved in the water; if no such insoluble compounds 
are formed, the iron will be eaten away, the surface remaining 
bright. Both of these processes are very common in practical 
experience. ; 

There is no doubt that iron, even at ordinary temperatures, 
reacts with pure water, in accord with this conception. The ex- 
periments on this point, carried out by Deville’ at high temper- 
atures only, showed a balanced condition at various temperatures 
for the reaction 

3Fe + 4H,O = Fe,O, + 4H,. 
He found experimentally that water vapor in contact with iron 
must produce a certain concentration of hydrogen gas to be in 
equilibrium; in other words, if the hydrogen was continually re- 
moved, the iron could continually oxidize. Within the range of 
temperature employed (200° to 1000°C.), he found that the 
pressure of the hydrogen produced by the action between iron and 
water increased as the pressure of the water vapor was increased. 
As the temperature rose, the hydrogen concentration (or pressure) 
at equilibrium diminished ; in other words, the lower the tempera- 
ture in his experiments, the greater the tendency for oxidation of 


1 Ann. Chem. (Liebig), 1§7, 76 (1870). 
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the iron. According to these results, we should expect water to 
act on iron to generate hydrogen even at ordinary temperatures, 
and it is a well-known fact that very finely divided iron such as is 
obtained by dry reduction of iron salts, reacts with pure water and 
generates hydrogen. 

This fact, that pure water causes solution of iron, is in accord 
with other experimentally discovered facts. Mr. G. O. Adams, 
in connection with a thesis presented to this institute in 1900, 
made analyses of various samples of gases collected from radiators 
in different houses where the hot-water gravity heating system is 
used, and where different water supplies are concerned, and 
always found a large quantity of hydrogen gas. In most cases, 
on opening the air-cock of the radiators the gas could be lighted 
with a match. A number of such mixtures were analyzed. These 
varied in composition, but were mainly mixtures of nitrogen and 
hydrogen with usually no oxygen. The hydrogen-content varied 
from 44 to 78 per cent. by volume. Measurable quantities of 
carbon dioxide or of hydrocarbons were not usually present. 

It is very generally accepted by authorities on the corrosion of 
iron that the presence of carbonic acid is necessary; but, as water 
itself must be considered as not greatly different in hydrogen-ion- 
concentration from a carbonic acid solution in contact with air, it 
seems a priori probable that this accepted idea is incorrect. 

Assuming the laws of Henry and Dalton to apply to the solu- 
bility of carbonic acid gas in water, also that the solubility of the 
pure gas under ordinary pressure is one volume for one volume of 
water (which is correct at 15° C.) and, finally that the normal 
content of carbonic acid in the atmosphere is 2 parts in 10,000 
by volume, we should expect water in equilibrium with air con- 
taining this concentration of carbonic acid to contain 0.0002 
volume carbon dioxide per volume of water. This corresponds to 
a concentration of the carbonic acid equal to 0.00001 mol per liter 
or 0.00002 normal. From the dissociation constant (3040 X 10)~*° 
determined by Walker,’ and to which my attention was called by 
Professor Noyes, it follows that the first hydrogen of the acid is 
16 per cent. dissociated at this concentration. From this it fol- 
lows that 10,000,000 liters of water containmg carbonic acid in 
equilibrium with ordinary air at 15° contains 16 grams of hydro- 
gen ions, or only 16 times as many as perfectly pure water con- 

1 Zischr. phys. Chem., 32, 137. 
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tains. At the boiling temperature the carbon dioxide dissolved 
would probably yield a concentration of hydrogen ions even less 
than that in pure water, for not only is the solubility of the gas 
greatly diminished, but the dissociation of water is greatly in- 
creased by rise of temperature. Moreover, the distilling water 
would rapidly reduce the concentration of any carbonic acid 
capable of dissolving in water at 100° C. 

The following experiment bearing upon this point is one which 
may have been frequently tried by others, but is worthy of note. 
To learn whether carbonic acid was necessary to iron-rusting, a 
clean bottle was steamed out for a time to remove soluble alkali 
from the glass and was then filled with pure distilled water which 
was kept boiling by passing steam through it for fifteen minutes. 
While still boiling, a bright piece of iron was placed in the bottle. 
A stopper (in some cases rubber and in others cork) carrying a 
tube open in a capillary several inches above the stopper, was in- 
serted into the bottle and firmly fastened in place, the water being 
kept boiling. Finally, the glass capillary was heated hot by 
means of a blowpipe and sealed by squeezing the walls together. 
The bottle was then allowed to cool to a temperature of about 80° 
C., and the neck of the bottle was finally covered with paraffin to 
prevent leaking. It was thought that in this way the oxygen, 
carbonic acid and other gases in the water were completely re- 
moved. Bottles containing iron and sealed in this manner 
have stood without any visible change for weeks. In some cases 
a little air was subsequently admitted to bottles which had stood 
in this way with the iron apparently unaffected, and within a few 
minutes the water became cloudy and assumed a yellow color. 
Ordinary rust rapidly deposited upon the glass and in spots upon 
the metal. In fifteen or twenty minutes the production of rust 
throughout the bottle was perfectly evident. It seemed plain 
from the rapidity of formation of oxide and its precipitation on 
the glass, that the iron had dissolved in the water before the addi- 
tion of the air, and that the latter simply permitted the formation 
of the insoluble oxide. 

Mr. J. A. Collins, in connection with his thesis of 1898, per- 
formed a similar experiment which shows that the iron is dis- 
solved in the water and that its appearance as rust is a secondary 
phenomenon due to the action of oxygen on the solution. A 
cleaned iron pipe 0.5 inch by 15 inches, sealed at one end and 
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having a screw cap to fit the other, was filled with boiling distilled 
water, and the boiling continued by heating the pipe until half the 
water had boiled away. While still rapidly distilling, the cap was 
screwed on tightly and the tube heated to about 125° C. for an 
hour. On cooling and removing the water from the pipe, it was 
found to be perfectly clear and colorless, but, on exposure to air 
in a glass vessel, it rapidly precipitated rust. The pure water had 
dissolved iron in some form from the clean metallic surface, and 
this had remained in solution until precipitated by the oxygen of 
the air. In experiments with air-free water in contact with iron, 
in glass bottles and flasks, Mr. Collins let into the flasks containing 
only the pure water together with its vapor and the bright iron, 
air which had been freed from carbonic acid by being exposed to 
the action of a barium hydroxide solution in a closed bottle for 
twelve hours, the bottle being repeatedly shaken to hasten the 
absorption. In case of this treated air, the production of rust in 
the flasks was evidently as rapid as with ordinary air. 

A similar experiment with purified oxygen gave the same re- 
sult. One is forced to conclude from such results that if the rust- 
ing is due in any way to carbonic acid it is rapidly brought about 
by such a quantity of this gas as is left in air or oxygen after treat- 
ment with a barium hydroxide solution; in_other words, by an 
inappreciably small quantity. As this acid could owe its activity 
solely to its hydrogen ions, because of the fact that the carbonate 
ion has no rusting or dissolving action on the iron, it is interesting 
to note that in the case of recently boiled water, the hydrogen-ion 
content due to carbonic acid may well be as low as the hydrogen 
ion content due to the dissociation of pure water. 

Iron dissolves in pure water qualitatively just as in a solution of 
copper sulphate, hydrogen being deposited in place of copper. 
The velocity with which this process proceeds will depend on the 
temperature and on the hydrogen-ion-concentration in the water. 
When this concentration is so great that the potential-difference 
exceeds a certain value, the hydrogen will be evolved as gas, sepa- 
rating from the liquid at the surface of the iron as bubbles. This 
potential value depends on the state of the surface, so that it is 
usually higher than the theoretical value for polarization by hy- 
drogen where the gas is in equilibrium with the solution. Below 
this value, the hydrogen, which is nevertheless being deposited 
upon the iron, but at a concentration below that corresponding to 
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atmospheric pressure, slowly dissolves in the water, forming an 
ordinary solution of it, and escapes by diffusion. Its solubility 
will presumably be proportional to its pressure even though this 
is below atmospheric pressure. 

It was shown by Faraday that an electromotive force below that 
necessary for visible electrolysis of a solution, was still capable of 
producing a continuous though feeble current which was then 
attributed to metallic conduction of the solution. Helmholtz, by 
his studies of polarization, showed this to be due to actual elec- 
trolysis proceeding as above stated. This polarization phenom- 
enon should greatly limit the velocity of solution of the iron, even 
if no other complicating effect due to the production of an in- 
soluble compound, an oxide or hydroxide, in case air be present. 
This is usually the case in practice. The production of a compact 
adherent coating of oxide on the surface of the iron generally 
retards the corrosive action. Especially is this true at tempera- 
tures of steam where the magnetic oxide is formed. This oxide 
always forms as an adherent solid coating on the iron and seems 
to be interrupted only by cracks caused by its unequal coefficient 
of expansion compared with the iron. The red oxide or rust is 
always flocculent and spongy and, besides not protecting the iron, 
actually seems to increase the velocity of corrosion in its vicinity. 
It is common to attribute to the red oxide or rust a catalyzing 
effect on the corrosion of iron. 

If the primary rate of corrosion of iron independent of subse- 
quent formation of insoluble substances is simply dependent upon 
the concentration of the hydrogen ions of the water, anything 
which reduced this concentration should also reduce the corrosion. 
The principles of equilibrium of chemical reactions when applied 
to the dissociation reaction of water should show how, practically, 
to accomplish this reduction. In this case the product of the 
concentration of the hydrogen and hydroxyl ions must remain 
constant in any aqueous solution, for the principle involved de- 
clares this product to bear a constant relation to the concentration 
of undissociated water molecules and this is itself evidently con- 
stant in aqueous solutions. From various measurements we are 
led to believe that the product of the concentrations of the hydro- 
gen and hydroxyl ions is approximately 10-“. In pure water the 
concentration of each of the two water ions, hydrogen and hy- 
droxyl, is therefore evidently 10”. If additional hydroxyl ions 
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are added to the water in any way, the concentration of the hydro- 
gen ions must correspondingly diminish, so that the product may 
remain constant. Thus the corroding power of the water, if due 
to the hydrogen ions, would be reduced. This reduction of the 
hydrogen ion concentration may be brought about by the addition 
of any alkali to the water. That the corrosion is thereby dimin- 
ished is a well-known fact and one that already receives many 
practical applications. Iron and steel tools in process of manu- 
facture, between the roughly ground state and the final polished 
condition, are often kept under water saturated with lime. This 
prevents the rusting which would quickly take place if they were 
left in moist air. The effect of the lime must be attributed solely 
to the hydroxyl ions which in turn reduce the concentration of the 
hydrogen ions of the water. Neutral salts of calcium do not exert 
this effect and hence it can not be attributed to the calcium com- 
pound nor to the calcium ion. Other soluble alkalies do it equally 
well and these contain, in common, only the hydroxyl ion. 

One of the most common components of the many boiler-com- 
pounds which are used to prevent pitting and corrosion in boilers, 
where the water used is very pure and consequently does not form 
a protecting layer of scale upon the iron, is some form of alkali. 
The alkalies usually used are caustic, slaked lime, carbonates, 
borates, aluminates, etc., which are in every case compounds 
readily undergoing either dissociation or hydrolysis and producing 
hydroxyl ions thereby. Thus again the concentration of the 
hydrogen ions is reduced. Conversely, the concentration of 
hydrogen ions would be increased by the addition of any salt 
whose hydrolysis would produce hydrogen ions, and for this 
reason magnesium chloride, ammonium chloride, and similar com- 
pounds may increase the corrosive effect of waters containing 
them. 

Free alkali added to a boiler water not only greatly reduces the 
concentration of the hydrogen ions, from whatever source, thus 
diminishing the electrochemical reaction of interchange between 
hydrogen and iron in the boiler itself, but also produces another 
valuable effect. If a steam or hot-water heating system is fed 
with a water which is not naturally alkaline, a part at least of the 
carbonic acid, which it always contains, will be driven from the 
water on boiling and pass to the cooler portion of the system to 
be redissolved in condensing water. Thus the return pipes of the 
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system will be subjected to the action of this acid or hydrogen-ion 
solution. No protecting scale of salts from the water being pro- 
duced in these return pipes, such as is almost always produced in 
the boiler itself, the corrosive action will be most marked in the 
return pipes, and especially where the pipes are exposed to the 
action of continuous supplies of the water in motion. This will 
prevent the establishment of equilibria and the iron will be con- 
tinually removed. It ought also to be removed according to the 
previous discussion, though more slowly, even if no carbonic acid 
or other acid were present, because of the hydrogen ions of the 
pure water. This reaction could again be reduced by the presence 
of volatile alkali in the condensed water, but in practice this latter 
is usually a negligible effect compared with the effect of volatile 
acid. 

I wish now to show that the effect of the carbonic acid is actu- 
ally a cyclic one, the same molecule of acid doing unlimited corro- 
sive work, and that the very harmful corrosion of return pipes in 
many heating systems may be directly attributed to this usually 
inconsiderable and unnoticed ingredient of the water. To make 
this point clear, let us imagine a steam-heating system made up of 
a boiler, with steam pipes leading to various heating stacks and 
radiators from which return pipes bring the condensed steam back 
to the boiler below the water-level. For simplicity, we assume 
that the plant is run without the addition of water after the boiler 
has been originally charged. In other words, no steam is blown 
out into the air and the plant is not used, as some are, to inci- 
dentally supply hot water for foreign uses, which thus requires a 
continual water feed. Our closed system usually contains, when 
in actual running condition, a number of dead-ends where gases 
have accumulated and where the pipes are cold. This may be ob- 
served in many radiators of common type. Into this colder por- 
tion of the system, the gases such as oxygen, nitrogen and car- 
bonic acid, which were originally in the feed water, will collect. 
Here they will dissolve in the condensed water which is to return 
to the boiler, the carbonic acid being especially soluble. The 
carbonic acid or its active hydrogen will cause the solution of iron 
from the return pipes and this iron will be carried back towards 
the boiler as bicarbonate of iron, being held in solution just as is 
calcium carbonate in water containing carbonic acid. This may 
be represented by the reaction 
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Fe + 2CO, + 2H,O = H,Fe(CO,), + H,. 

In the case of the bicarbonate of calcium solution, it is well 
known that boiling it decomposes the salt and liberates half of the 
carbonic acid, leaving a precipitate of calcium carbonate. In case 
of the soluble bicarbonate of iron, as will be shown later, the de- 
composition of the compound by heat, liberates all of the carbonic 
acid instead of half of it and produces the insoluble oxide or 
hydroxide of iron. Whether this decomposition of the soluble 
iron salt takes place in the boiler after the solution has returned to 
it, or in the return pipe where the proximity to the boiler produces 
a sufficiently high temperature, is of no immediate importance. 
In either case, the carbonic acid is all set free and must immedi- 
ately return with steam to the cooler parts of the system; there 
again it will dissolve in the condensate, again render soluble some 
iron and carry it towards the boiler and so forth. In each cycle 
of this kind hydrogen will be set free which will remain in the 
cooler parts of the system, as it is but slightly soluble in water. It 
seems necessary, therefore, that in common practice a very small 
quantity of carbonic acid must often cause an unlimited amount of 
corrosion, without in any way losing its power to continue the 
process. The process of corrosion of the iron in this*case will 
amount i toto to the union of iron with the oxygen of water and 
liberation of hydrogen, the carbonic acid acting merely as a 
catalyzer, where the mechanics of its action is apparent. 
This peculiar condition of affairs has been observed by us 
in certain large heating systems where we have found, first 
the carbonic acid of the feed water; secondly, much carbonic acid 
mixed with hydrogen, nitrogen, and oxygen in dead-ends or cold 
parts of the system; thirdly, water in the return pipes, where very 
rapid corrosion of the piping was taking place, in which much 
dissolved bicarbonate of iron was found; and, finally, much pre- 
cipitated oxide of iron in the boiler and hottest parts of the return 
pipes. 

It has been possible also to reproduce these phenomena in the 
laboratory in various ways and in some cases in glass apparatus 
where the complete cycle becomes practically visible. In connec- 
tion with his thesis, Mr. C. L. Wright arranged an apparatus of 
which a sketch is shown. Pure distilled water was boiled in the 
flask A, and various quantities of air and carbonic acid mixtures 
were enclosed in the system which was kept nearly at atmospheric 
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pressure by the liquid seal made by the bottles B connected withthe 
condenser C. The steam condensed and took up a little of the 
carbonic acid; this solution came into contact with a piece of 
cleaned iron pipe, P, from which the outer layer had been re- 
moved in the lathe. This iron was supported in an extractor, E, 
between the condenser and the boiler in such a way that it was 
alternately covered with the water and uncovered by the intermit- 
tent siphon action of the extractor. 

In the first few experiments a precipitate was soon formed in 
the boiler which was not analyzed, but which was evidently a mix- 
ture of hydroxide of iron and silica from the glass. Subsequent 
experiments in the same apparatus differed in result from the first 
one and showed that, in the absence of free oxygen, the boiler 
water simply became black and opaque but showed little or no 
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precipitate. The glass tube leading from the condenser to the 
boiler was also quickly coated with a black deposit of iron oxide. 
It was evident that iron was being dissolved and the resulting 
compound decomposed in the boiler, and in the hot return tube, 
but it was at first thought peculiar that the precipitate which ap- 
pears when the glass or flask is a new one, was not produced in 
subsequent experiments with the same apparatus. This led to 
attributing the actual formation of a precipitate in the first case to 
the presence of dissolved glass. The dark color could only be due 
to the iron. The clear, black, filterable solution obtained from 
such previously used apparatus was then shown to be a colloidal 
solution of iron oxide by the following method: Small quantities 
of such salts as sodium and barium chloride were added to por- 
tions of the clear, black water, and they caused an immediate 
coagulation and a consequent heavy precipitate, coupled with com- 
plete decolorization of the solution. This precipitate, well washed 
by decantation with pure water, was treated with dilute sulphuric 
acid in a closed vessel and pure air passed through this and then 
through a vessel containing a barium hydroxide solution. The 
failure to produce a precipitate of barium carbonate in this barium 
hydroxide solution showed that the original compound did not 
contain a carbonate. The precipitate was shown to contain iron 
by dissolving it in acid, oxidizing and precipitating the ferric 
hydroxide by ammonia. The formation of this colloidal solution 
of ferrous oxide is in exact accord with the principles which de- 
termine the formation of colloidal solutions in general. It is a 
general principle that whenever any substance which is by nature 
insoluble, is formed in water, it will tend to remain in a colloidal 
or suspended state until coagulated by electrolytes. 

In the production of most precipitates in common laboratory 
reactions, there are always sufficient electrolytes present to account 
for the coagulation of the insoluble substances, if we may judge 
by the concentration usually necessary where measurements have 
been made. Where this is not the case, a colloidal state usually 
results. In the case at hand, there are practically no electrolytes 
present when the soluble ferrous bicarbonate is decomposed by 
heat, as this process requires the presence of but exceedingly 
small quantities of soluble salts in the solution at any one time. 
The insoluble ferrous oxide consequently remains in the colloidal 
state. This colloid may be precipitated by salts dissolved from 
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the glass vessel, if of sufficient concentration, as was the case with 
new glass apparatus, and in this respect this colloid is like many 
others, such as platinum and silica. 

The ease with which the soluble iron salt is decomposed by heat 
was well shown in the glass tube connecting the condenser and 
boiler, the return pipe of the above experiment. Above the 
stopper of the flask, where this tube was fairly cool, the glass re- 
mained clear, but below the stopper where the tube was heated 
by the steam of the flask, it was covered deeply with a black de- 
posit, probably ferrous oxide. The deposition of this substance 
at this part of the return tube, commenced almost immediately on 
starting the experiment. 

An experiment carried out in this way where pure water and 
carbon dioxide were used, where analysis showed the gaseous 
mixture to contain II per cent. carbon dioxide, produced such 
rapid corrosion of the iron that within a few days nearly a 
third of the exposed surface had been eaten away to depths of 
several hundredths of an inch, at which rate an ordinary pipe 
would not last more than a few months. It is not surprising that 
carbonic acid should dissolve iron under these conditions, but the 
fact that this corrosive action is a cyclic one, in which under suit- 
able circumstances even a trace of carbonic acid may dissolve an 
unlimited quantity of iron without losing its corrosive power, has 
not received sufficient attention. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 


A PROPOSED METHOD OF TESTING WOOD TREATED TO 
RESIST FIRE. 


By CHAS. F. MCKENNA. 


Received January 19, 1903. 
In the spring of 1902 an effort was made by the Bureau of 
Buildings of the Borough of Manhattan, New York City, to 
secure more certitude as to the qualities of the so-called fireproof 
wood which was being delivered in the city for use in high build- 
ings. 
Methods of test which have been in vogue for some time in the 
Bureau of Buildings were stated to be inadequate for the proper 
discrimination between well-treated wood and that which was 
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treated only imperfectly and was presumably at times not fireproof 
in any sense. These methods included the test, long in use in the 
Navy Department, of exposing shavings to the influence of heat 
while they rested upon a wire screen, timing the rate of combus- 
tion, as well as estimating its extent; also the splinter test as prac- 
ticed in the simple expedient of holding a splinter of wood in and 
across the flame of a Bunsen burner or upon a red-hot iron plate; 
also, what may be called the cob-work test, by which prisms of 
wood about 6 inches long and I inch, more or less, square, are 
piled with air-spaces between them and exposed to the flame of a 
Bunsen burner. There was finally the more meritorious test of 
Professor Woolson, of Columbia University, which he calls the 
timber test, in which specimens of wood 1 inch square and 1 foot 
long are laid in pairs across the top of a 6-inch gas furnace and 
exposed to a presumably constant temperature of 1700° F. The 
depth to which the specimens were charred was subsequently 
measured and the unburned area used as a basis of comparison. 

The fundamental fault with all of these methods of test lies in 
their neglect of the chemical factors involved in the decomposition 
of wood under the influence of heat. Nor were proper attempts 
made to standardize the conditions governing the application of 
the flame, the access of the air, and the surrounding temperatures, 
etc. Again, no instrumental means of registering the differences 
in the results obtained were suggested. In the timber test, the 
accurate measure of the unburned area does not answer this need, 
and fails of its purpose where the conditions during the test have 
so varied. 

In the course of the discussion upon this subject which took 
place about the time mentioned in New York City, there was 
found to be a demand for an “inspector’s test’; that is, for an 
instrumental and simple test giving results measurable and free 
from guess and which could be carried on at the place of delivery 
of the timber. The writer approached this subject from the 
chemist’s side, and his first effort was to undertake distillation 
tests in closed retorts. 

Inasmuch as it was early admitted that these fire-proofing 
processes could not prevent the destruction of wood by fire oper- 
ating under its worst aspects but could only stay the disinte- 
grating effects long enough to present the hope of gaining some 
advantage over the demon, it seems strange that the search for 
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this test did not then take the form of a study of the reactions 
proceeding during the inflammation and combustion of the wood, 
as well as of those accompanying its destructive distillation for the 
purpose of finding facts leading to more certain means of measur- 
ing the retarding values of the various treatments to which wood 
is subjected for this purpose. The writer outlined such a study by 
means of destructive distillation of samples of natural and of 
treated woods; for, although combustion and inflammation with 
free access of air are undoubtedly the most common conditions of 
a conflagration, yet the breaking down of the cellulose molecule, 
of the fundamental tissues of the wood, as well as of its allied 
organic and mineral constituents, takes place from the center of 
large masses as a distillation without air, just as it does also when 
timber and planking burn at the back of a hot brick wall, or 
within a metal-cased door or window frame, or where electric 
wiring passes over wood encased in concrete flooring or in walls. 
The prosecution of such studies has been stayed through lack of 
means, but the initial efforts nevertheless have resulted in this pro- 
posed method of testing which, with the apparatus offered, seems 
to be the means for easily making ‘an extended series of critical 
observations. ‘ 

Some early distillations made upon charges of wood shavings 
in 6-ounce glass retorts heated by a triple Bunsen burner developed 
the fact that when the temperature reaches 250° C. the volatile 
products cease to be driven off and temporarily a vacuum is pro- 
duced if the heat is not promptly raised. This took place in every 
case in not over three minutes of such heat conditions, and also, 
under the same conditions, the yield of gas was quite uniform for 
different woods. ‘To secure higher temperatures in a brief time, 
the electric wire method was adopted. This led to the invention 
of an electric test retort, and this in turn, when tried on numerous 
lots of wood, quickly developed the fact that the little instrument 
was exactly adapted to meet all the requirements of an 
inspector’s test when the original untreated wood is at hand to 
compare with the treated, and perhaps also where original 
samples cannot be obtained. ‘This apparatus is described in my 
paper presented at this meeting under the title “Electric Test 
Retort.” 

In using it for the study of fire-proof wood, it has been my aim 
to simplify it, as well as the details of the testing, in order that 
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numerous samples of wood could be examined easily and quickly. 

A large gas burette was provided, having with it a large reser- 
voir for leveling, and this in connection with the electric test 
retort were all that I found necessary for making critical tests of 
treated woods. Absorption tubes for the pyroligneous products 
could be provided, but in the work in hand the necessity was 
obviated as much as possible by the high initial heat and by pro- 
viding that the water in the gas burette shall absorb the pyro- 
ligneous products until nearly saturated with them. 

Violette, as quoted by Sadtler’ in studies devoted to distillation 
of wood, found that when it is slowly heated the water and pyro- 
ligneous acids, alcohcls, and creosote are all driven off up to and 
at 280° C. to the extent of 63.8 per cent. of the original weight; a 
large volume of gas up to and at 350° C.; and up to and at 430° C. 
a total loss of weight of 81 per cent. is experienced. But quickly 
heated wood placed at once in the retort at 432° C. lost 91 per 
cent. Senff,? in distilling a variety of woods in 100 kg. charges, 
found that the uncondensed gases in slowly heated samples varied 
from 17.17 per cent. to 29.23 per cent. with an average of 22.64 per 
cent. for fifteen examples of different woods; the uncondensed 
gases resulting from quickly heated samples varied from 24.07 
per cent. to 35.56 per cent., with an average for fifteen samples of 
31.50 per cent. He found that the charcoal varied from 23.23 per 
cent. to 34.68 per cent, with an average of 27.59 per cent. in slowly 
heated samples, and from 20.20 per cent. to 31.59 per cent., with 
an average of 23.09 per cent., in quickly heated samples. He also 
found the very important fact that the more common woods, as 
oak, beech, birch, poplar, and pine, show by the results of the de- 
structive distillation that they resemble one another very much in 
fundamental composition and give like results in the yield of the 
respective products. 

Hence, we should have in the electric test retort an opportunity 
to heat quickly to the highest temperature, thus obtaining the 
maximum gas yield. Fortunately, also, in this test retort, it is not 
strictly a distillation without access of air; it is really, in a small 
way, quite a perfect duplication of conditions existing at the 
beginning of a fire in a closed space, and we have also in this 
apparatus an opportunity to introduce air in measured quantities, 
if required. 


1 ‘* Handbook of Industrial Organic Chemistry,’’ second edition, p. 344. 
2 Ber. d. chem. Ges., 18, 60. 
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In conducting the test, a small charge of wood, cut as a little 
cylinder about 0.5 inch long and 0.25 inch wide, weighing about 
500 mg., is placed within the platinum wire basket, the dome is 
placed upon the apparatus and clamped tightly by suitable means, 
and the tube leading off from the dome is connected to the gas 
measuring burette having the usual reservoir tube attached. A 
current at a difference of potential of 120 volts and a strength of 
from 7 to 12 amperes is used. Great precautions are needed to 
keep the current strength steady, and a 7.5 ampere current is the 
best strength for this experiment. Tests made with the Le 
Chatelier pyrometer show that the temperature within the coil 
with a 7.5 ampere current is 680° C.; with a 10 ampere current 
the temperature rises at the end of three minutes to 840° C. The 
charge of wood is subjected to the effects of a current of 7.5 
amperes for exactly two minutes, the gas being conducted to the 
burette. Observations of the glow, if any, and of the amount of 
smoke and the character of same, can all be made and recorded. 
At the close of the two-minute interval, the current is shut off, the 
gas burette stop-cock closed and air admitted to the retort by 
opening the tubulure at the side. The gas in the burette is cooled, 
and the volume measured. Or, if a series of tests are being made, 
the conditions of which are known and invariable, the volume 
could be read without correction, where so noted. So also, the 
correction for the volume of air increased by the heat of the con- 
tents of the retort can be neglected, for it will be found to be a 
very constant figure under uniform conditions. Thus, with some 
experiments in blanks, in heating without the charge with a 7 
ampere current for two minutes the results were 23.6, 22.8, 22.8, 
22.6, and 22.6 cc. With a 6.5 ampere current for two minutes, 
the results were 21.6, 21.6, and 21.6 cc. Other experiments gave, 
with a 7 ampere current for two minutes, 21 cc. average; with a 
7.5 ampere current for two minutes, 24 cc. average; with an 8 
ampere current for two minutes, 26.5 cc. average; and others 
with an 8 ampere current for two minutes, 26 cc. average. 

The following experiments demonstrate that the gas yield and 
coal from the distillation of small pieces of some of the more com- 
mon woods could be used as a criterion of the extent of retarda- 
tion of fire caused by the proofing processes. 

Spruce; 0.500 gram; fireproof; heated for two minutes by 9 
ampere current : 
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ce. 

Gas yield...... ese ceceee ces « SIGS 
" So leiden Melee wa cdalee aaa 124.5 
si " § geangasawetenesweaes 117.0 
Average errr eee rie 119.3 


The same wood leached in boiling water and dried to normal 
moisture: 





ce. 

Gas yield.......0.seeseeceece 136.5 
. ST lpamuatee cee onan weee 129.0 

: 46 cece cvecccccscee cece 136.0 
AVEFAge seeece cece ccees 133.8 


Birch ; 0.500 gram; 8 ampere current for two minutes: 


Gas yield. 





Untreated. Treated. 
ce. ce. 
164 I5I 
165 160 
17I 162 
165 153 
167 
Average, 166.4 Average, 156.5 


The four specimens of char of the treated wood showed an 
average weight of 147.6 mg., and those of the untreated wood 
averaged 100 mg. The percentage of charcoal left in the treated 
wood was 29.5 per cent., and in the other 20 per cent. 

With exercise of more care, similar experiments gave the fol- 
lowing results: 

Birch ; 0.500 gram; 7 ampere current, 125 volts, two minutes: 








Gas yield. 

Untreated. Treated. 
cc, ce. 
125 95 
127 105 
124 105 
126 103 
126 108 
132 104 


Average, 126.6 Average, 103.3 
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Charcoal. 
Untreated. Treated 
Gr. Gr. 
0.1037 0.1643 
0.1026 0.1540 
0.1065 0.1595 
0.1025 0.1700 
0. 1062 0.1681 
0.1016 0.1661 
Average, 0.03541 Average, 0.16366 


The following experiment was performed with the assistance of 
one of the companies practicing the fire-proofing art: A sample of 
birch, of which I was given an initial untreated specimen, was 
fireproofed for me in a small test cylinder, using a solution of the 
density with which they were accustomed to operate on a large 
scale. ‘Two solutions of less density by one-third and two-thirds 
of the dissolved salts were also prepared and used on specimens of 
the same wood on separate runs of the cylinder. I was thus pro- 
vided with four specimens of wood of the same lot: the first, 
natural; the second, treated with a dilute solution; the third, with 
one more dense; and the fourth, with one most dense. ‘These 
were numbered “o,” “1,” “2,” and “3,” respectively. In the test 
retort they gave the following results: 

0.500 gram; 7 ampere current, 125 volts, two minutes: 





Gas yield. 

“gn wags 66499 bh 

Sc. ce. cc. cc. 

IJ2 89 99 97 

108 92 97 95 

104 88 92 92 

107 87 99 93 

107 89 95 gI 
Average, 107.6 88.6 96.4 93.6 

Average weight of the charcoal from each: 

Milligrams. Per cent. 

ee ee ee 103 20.6 

ad. GO ee me ee 136 27:2 

sh EOS eT 120 24.0 

ak eee 133 26.6 


If the decomposition into gaseous products and coal measures 
the value of the treatment, the least dense solution gave the best 
result, which is probably true, as it was an alum process, and the 
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penetration of the cell-walls was probably more perfect with the 
most dilute solution. 

Experiments with Yellow Pine, treated by another process and 
patent than the preceding. This yellow pine gave the following 
results (as there was no original stock offered, the “untreated” 
specimens were obtained from scraps of yellow pine in a carpenter 





shop) : 
0.500 gram; 8 ampere current, 125 volts, two minutes: 
Gas yield. 
Untreated. Treated. 
ec, ce. 
125 87 
130 86 
128 88 
133 86 
134 86 
Average, 130.2 86.6 
Average weight of four samples of charcoal: 
Untreated. Treated. 


0.0979 gram or 19.58 per cent. 0.1912 gram or 38.24 per cent. 
Yellow pine untreated: 


(a) Dried. 
(b) With normal moisture, 7.1 per cent. more waterthan (a). 








Gas yield. 

(a) (6) 

cc. ce. 
139 128 
136 132 
143 134 
Average, 136 131 

Charcoal, average weight: 

(a) (5) 
Gram. Gram. 
0.102 0.0963 

Yellow pine, treated: 
(c) Dried. 
(d) With normal moisture, 3.6 per cent. more water than (c). 
Gas yield. 

(c) (a) 
ce. cc. 
go 92 
gI 88 
89 88 
go 85 


Average, 90 88 
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Charcoal, average weight: 


(c) (d) 
Gram. Gram. 


0.198 0.1882 

Three questions arise: Will not errors be introduced by the 
moisture of the wood? This is to be met in the same way as in 
previous methods of test; namely, by the preparation of dried 
samples subsequently exposed for the absorption of the normal 
amount of water. Whether it would vitiate the results obtained 
by inspectors having limited facilities for such work, will have to 
be determined. Are not the results modified by the superior den- 
sity of the treated sample over the normal wood that contains no 
salts? Naturally this should be so in finding the weight of the 
char residue; but in all experiments it seems to be an unimportant 
quantity, and in some it would appear that the wood which is 
heavier from treatment with the dense solution of an inferior fire- 
proofing salt will give a very large gas yield. Would not gases | 
generated from the chemicals also modify the results? The only 
process where it possibly would, is in using ammonium salts or 
carbonates and proper provision should be made for the absorption 
of the gases as each case would require. 


It would seem to me to be indicated by the preceding that the 
degree to which total decomposition without air can be inhibited 
by previous chemical treatment in wood subjected to a high heat 
can be definitely measured by subjecting small test pieces to distil- 
lation, that this test operation can be easily, quickly, and accu- 
rately performed in the small retort as shown, and that the number 
of such tests which can be made in a short time on small pieces is 
so great that a good average could be selected in chips from differ- 
ent parts, interior, exterior, etc., of lots of timber as delivered. It 
seems probable also that in the conditions surrounding experiments 
in such a retort, an equally accurate measure can be found of the 
resistance to inflammation of woods before and after treatment, 
with access of air. 

I hope to continue such experiments in the future, if circum- 
stances favor. 


























AN ELECTRIC TEST RETORT.' 


By Cuas. F. MCKENNA. 


Received January 19, 1903. 

THE apparatus described in this paper is the result of demands 
made to carry on distillations of many samples of wood in small 
pieces. After its development was reached, it appeared also to 
afford so many opportunities for use in the laboratory in situations 
where the crucible is used, and even for the combustion of carbon, 
the ignition of minerals, etc., that I have thought it worthy of de- 
scription here. 

It consists of a vessel of Jena glass about 4 cm. in diameter, 
with a dome-shaped piece attached to it by clamps and from which 
a tube leads to a proper absorption apparatus. The upper edge of 
this glass vessel is turned flat and ground to a perfect matt and 
plane surface. The dome is provided to match this and fit with a 
similar flat surface. A simple form of clamp may be used to hold 
the dome upon the retort. At present I am using a small and not 
elegant, but very satisfactory, wood clip such as is used in holding 
photographic papers. With a very slight lubrication of the 
ground glass surfaces and two of these clips, a higher pressure 
can be resisted than is likely to be met with in using gas burettes 
and reservoirs. The globe of this glass apparatus terminates 
below in a tube about 1.5 cm. in diameter cemented into a wood 
base, up through which go two leading-in wires of copper. In the 
terminals of these are fastened the terminals of a platinum wire 
which is wound to make a basket-like coil, and this forms the 
retort proper in the center of the glass globe. In the side of the 
large glass tube is a smaller one provided with a stop-cock to admit 
air, oxygen, etc. 

In operating with this apparatus, the connections are duly made 
with a lighting circuit, and the current regulated bya metal or water 
rheostat, or perhaps by both, if convenient. For the work and the 
purposes for which this instrument has so far been used, I have 
made some temperature observations by means of the Le Chatelier 
pyrometer. The current was left as closely as possible at 7.5 
amperes, with a difference of potential of 120 volts. The temper- 
ature within the coil, when protected from cooling by air, was 
found to be 680° C. Using a 10 ampere current, the temperature 


1 Read at the Washington meeting of the American Chemical Society. 
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rises at the end of three minutes to 840° C. Of course it is pos- 
sible to reach temperatures of any degree up to the fusion of the 
wire, 

I have found this, as already stated, to be extremely useful in 
conducting several distillation tests with small charges of wood. 
It could be adapted for use as an ignition crucible by replacing 
the semi-spherical coil with wire wound as a cone and preparing 
cone-shaped asbestos pads to fit in the same. It would then be 
possible to use the apparatus for igniting limestones, cements, etc. 
It could, I believe, be equally as well adapted for the combustion 
of carbon from steel, since the carbon residue could be filtered 
upon an asbestos cone pad and placed in this coil, and by prepar- 
ing the proper train of apparatus, a perfect combustion could be 
made. Its size and convenience and adaptability seem to me to 
promise much in this and similar uses. 


THE DETERMINATION OF POTASH IN FERTILIZERS BY 
SUBSTITUTING MILK OF LIME FOR AMMONIA AND 
AMMONIUM OXALATE AS THE PRECIPITANT. 


By C. L. HARE. 


Received January 9, 1903. 

Tue Lindo-Gladding method for the determination of potash in 
fertilizers possesses one particularly objectionable feature. The 
evaporation and ignition of an aliquot portion with sulphuric acid 
for the purpose of expelling ammonium salts and destroying dis- 
solved organic matter is a tedious process and involves loss from 
spattering during evaporation. 

A reliable modification which would exclude this feature would 
be highly desirable. At the sixteenth annual meeting of the 
Association of Official Agricultural Chemists, Ross presented a 
method based upon the use of barium carbonate as a precipitant 
for phosphates, iron, alumina, etc. He later suggested milk of 
lime as a precipitant and the writer in 1901 reported results ob- 
tained by collaborators on official methods for potash determina- 
tions. 

The method employed is as follows: Weigh out 10 grams of 
the sample and boil with about 350 cc. of water for thirty minutes ; 
while hot, add milk of lime till slightly alkaline. Cool, make up 
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to 500 cc. with water and remove 50 cc., corresponding to I gram. 
Acidify with hydrochloric acid, add platinum solution and evapo- 
rate to soft dryness over the water-bath. The residue is then 
washed with 80 per cent. alcohol and ammonium chloride wash as 
in the Lindo-Gladding method. 

In case of fertilizers containing organic matter, treat Io gramsof 
the sample with dilute sulphuric acid (1:1) andincinerate ; moisten 
the ignited mass with dilute sulphuric acid (1:1) and heat to aid 
in removing from the dish, boil with 350 cc. water and proceed as 
before. The milk of lime precipitates all lime except that present 
as sulphate and the solubility of the sulphate being only I in 500, 
the aliquot of 50 cc. will contain only 0.1 gram of that sub- 
stance, an amount readily removed by the ammonium chloride 
wash-water and insufficient to cause material trouble either when 
the solution is made with water direct or after incineration with 
sulphuric acid. The potassium platinic chloride crystallizes well, 
and, after washing with alcohol, the salts of lime appear in light 
flakes which never require more than six washings with ammo- 
nium chloride wash for complete removal. 

The modification possesses several advantages over the Lindo- 
Gladding method: First, the precipitation of lime is immediate 
and there is no delay at this point; second, evaporation to expel 
ammonium salts is eliminated; third, probable loss of potash 
during the evaporation is obviated; Fourth, washing the potas- 
sium platinic chloride with alcohol and ammonium chloride wash 
may be performed thoroughly with greater ease and rapidity, 
while no larger amount of platinum is required than by the Lindo- 
Gladding method. The accuracy of the method is evidenced by 
results as shown in the tables. It has been used by the writer 
upon several hundred samples of miscellaneous fertilizers as a 
check against the Lindo-Gladding method, but it is evident that 
the modification would not be applicable to fertilizers containing 
ammonium salts. 

Table I gives parallel results by the milk of lime and the Lindo- 
Gladding methods upon fertilizers containing no organic mate- 
rials, the solution in each case being made by boiling the sample 
with water. 
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TABLE I. 
Lime. Lindo-Gladding. Lime. lLjindo-Gladding. Lime. Lindo-Gladding. 
1.02 1.29 1.42 1.62 4.51 4.53 
2.33 2.20 1.91 1.91 1.97 1.87 
2.42 2.42 1.95 2.12 2.54 2.64 
2.56 2.45 2.44 2.36 1.09 1.04 
1.10 0.90 2.14 1.89 1.75 1.89 
1.66 1.88 1.76 1.88 2.59 2.44 
1.40 1.65 0.84 0.80 4.33 4.53 
2.44 2.35 2.41 2.35 5.24 5-17 
1.58 1 yf 2.29 2.08 0.81 0.98 
1.06 1.29 3.91 4.02 1.96 1.89 
2.59 2.63 2.46 2.46 4.36 4.47 
2.52 2.93 2.10 2.08 2.52 2.26 
2.11 2:27 2.50 2.76 4.37 4.33 
2.49 2.74 1.75 1.89 1.95 1.66 
3.91 3.86 1.21 1.44 1.50 1.80 
1.49 1.32 5-33 5-65 2.16 2.00 
4.26 4.10 2:92 2.76 2.49 2.76 
3.41 3.40 2.51 2.67 4.21 4.04 


Inspection of the tables reveals differences ranging from o to 
0.27, with two exceptions, in a total of 60 samples. Of this num- 
ber, 46 show differences less than 0.20 per cent. while the average 
difference is 0.10 per cent. 

This average difference is, of course, without value as an indi- 
cation of accuracy unless considered in connection with the varia- 
tion of each pair of parallel determinations, but where so large a 
percentage of duplicates fall within the limits of probable error, 
the average in differences of the entire number of determinations 
indicates in a measure the comparative accuracy of the two 
methods. 

Considering that the figures in the tables represent first results 
and in no case a second determination by the same method, results 
by the milk-of-lime method appear quite as reliable as those ob- 
tained by the Lindo-Gladding. In the regular course of labo- 
ratory work duplicate determinations by one and the same method 
may easily show less closely agreeing results. 

Table II shows parallel results obtained from fertilizers con- 
taining organic materials. ‘The samples in each case were treated 
with dilute (1:1) sulphuric acid and incinerated before dissolving 
in water. 
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Lime. 


2.16 
1.71 
2.27 
1.35 
1.51 
1.92 
2.33 
3.46 
1.32 
2.65 
1.62 
1.97 
2.20 
1 
3.67 


By reference to Table II we find variations ranging from o to 
0.30 per cent. in a total of forty-four determinations. 
of these give differences of 0.20 per cent. or less, results averaging 
0.06 per cent. higher by the lime method than by the Lindo- 
Gladding. 

Table III contains results from fertilizers containing organic 
materials. The samples were ignited with sulphuric acid (1:1) be- 
fore obtaining solutions for the lime method, while for the Lindo- 
Gladding, solution was obtained by boiling the unignited sample 
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Lindo-Gladding 
2.21 
1.70 
2.39 
1.08 
1.50 
1.98 
2.38 
3-33 
1.46 
2.53 
1.82 
1.78 
2.29 
F.30 
3.46 


with water. 


Lime. 


1.62 
0.88 
1.53 
1.84 
2.52 
1.95 
2.38 
1.56 
2.28 
1.32 
1.88 
0.50 
1.96 
2.09 
2.17 





Lindo-Gladding. 
1.66 
0.74 
1.63 
2.06 
2.65 
2 03 
2.23 
1.34 
2.54 
1.28 
1.60 
0.69 
1.73 
2.35 
2.25 


TABLE II. 
Lime. Lindo-Gladding. 
1.87 1.84 
1.31 1.51 
2.46 2.48 
1.59 1.60 
2.49 2.38 
1.66 1.70 
2.09 2.41 
1.59 1.57 
2.37 2.10 
2.16 2.20 
2.66 2.42 
1.16 1,20 
$22 S11 
2.41 2.28 
3.38 3.36 


TABLE III. 
Lime. Lindo-Gladding. 
2.02 2.19 
Eult 1.06 
1.61 1.63 
2.05 2.10 
2.95 2.86 
1.92 2.11 
1.92 2.09 
1.98 1.96 
1.29 1.53 
2.26 2.07 
2.94 3.00 
2.15 2.47 
1.78 1.68 
1.52 1,62 
1.62 1.70 











Lime. 


2.58 
2.13 
1.48 
2.07 
2.37 
2.59 
2.12 
2.73 
27% 

2.61 

2.38 
2.44 
22% 

2.28 


Lime. 
2.14 
1.82 
3-09 
2.43 
2.00 
2.58 
a7% 
1.15 
2.53 
1.50 
4.00 
1.18 
2.00 
1.80 
1.65 
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Lindo-Gladding. 
2.53 
2.24 
1.49 
1.80 
2.60 
2.45 
1.96 
2.59 
2.61 
2.89 
2.08 
2.63 
2.33 
2.33 


Thirty-four 


Lindo-Gladding. 
2.11 
1.55 
3.02 
2.32 
2.29 
2.74 
2.64 
1.28 
2.29 
1.49 
3-57 
1.20 
2.07 
1.78 
1.71 
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Lime. Lindo-Gladding. Lime. Lindo-Gladding. Lime. Lindo-Gladding. 


2.38 2.43 1.83 1.64 2.63 2:37 
2.88 2.60 2.24 2.21 2.97 2.94 
1.43 1.26 1.95 2.04 1.84 2.14 
1.93 2.14 2:47 2.56 1.65 1.81 
3.70 3.46 3.41 3.52 1.54 1.30 
1.35 1.48 2.68 2.80 2.85 2.13 
3.03 3.02 


These results show an extreme variation of 0.29 per cent. in a 
total of sixty-three determinations. Forty-six of the sixty-three 
vary less than 0.20 per cent. while the results average 0.02 lower 
by the lime method. 

In Table IV may be found results on fertilizers containing 
organic materials. Solution for both methods was obtained by 
boiling the sample with water. The solutions for the lime method 
were considerably colored by dissolved organic matter. 


TABLE IV. 
Lime. Lindo-Gladding. Lime. Lindo-Glacding. Lime. Lindo-Gladding. 
1:27 Eat 1.04 1.35 O91 2.61 
1.34 1.16 1.74 2.06 1.38 1.21 
247 2.44 2.65 2.35 2.28 1.83 
2.50 2.54 1.28 1.25 2.41 2.14 
1.48 1.08 1.79 vy 5.51 5.51 
5.03 4.61 2.01 1.92 2.40 2.18 
2.70 2.20 2.64 2.40 3.42 3.38 
2.53 2.42 2:25 1.80 2.35 2.49 
3.50 3.05 2.69 2.31 2.15 2.18 
1.54 1:27 1.95 2.04 2.57 2:23 
2.50 2.24 2.19 2.14 DIT 2.11 
1.16 1.20 2.43 2.45 1.09 0.99 
2:37 2.24 5.85 5.56 2.16 1.87 
2.30 1.83 2.43 2.09 2.40 2.25 
1.00 I.10 2.41 1.93 2.30 2.10 


Although little was expected from the results obtained by the 
lime method under these conditions, still they show an extreme 
variation of only 0.55 per cent. in a total of forty-five determina- 
tions, while thirty of the forty-five differ less than 0.30 per cent., 
and the average difference is only 0.15 per cent. Nothing is 
claimed for the method when used under these conditions, but it is 
interesting to note that the method gives good results even when 
precipitation of platinum takes place in a solution considerably 


colored with organic matter. 
ALABAMA POLYTECHNIC INSTITUTE. 
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PRECIPITATION AND SEPARATION BY WEAK ORGANIC 
BASES. 


By E. T. ALLEN. 


Received January 28, 1903. 

A LARGE number of organic bases are known, which may serve 
as quantitative precipitants of many metallic hydroxides, though 
they usually present no advantage over ammonia or the fixed 
alkalies. Of late, more especially,’ some of them have found use 
for analytical separations, where the inorganic reagents are not 
applicable. We have, between the organic and inorganic bases, a 
nearly complete analogy. The tetrammonium compounds ‘are 
well known to be highly dissociated in aqueous solution, giving, 
in a marked degree, the characteristic hydroxyl reactions, like the 
hydroxides of the alkalies and thallium. A second weaker class 
of bases comparable, in general, with ammonia are the paraffin 
amines. These also are strongly alkaline in reaction and capable 
of precipitating all but the strongest metallic bases, whose solu- 
bility products are too high to be reached by such concentrations of 
hydroxyl as these reagents afford. 

A third class of bases in which the aromatic amines, quinoline, 
naphthyl-amine, phenyl-hydrazine, etc., may be named, have no 
soluble analogues in the inorganic field, though they are akin to 
the bases formed by the metals of the third and fourth groups of 
the periodic system. 

With indicators they give either a faint alkaline reaction or none 
at all. When a metallic salt is precipitated by such a base, say 
aniline, the solution remains acid even when a considerable excess 
of the reagent has been added. It is plain, therefore, that only 
those bases which can be thrown down in acid solution, can be 
precipitated here. All chemists are familiar with the precipita- 
tion of certain hydroxides by the action of water alone. Such re- 
actions are always reversible. We may instance the case of 
titanium sulphate. 

Ti(SO,). + 4H,O = 2H.SO, + Ti(OH),.? 


! This Journal, 24, 540, and a1, 776. 
2 The principle involved is the same whether the precipitate be a hydroxide, ora 


basic salt. 
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The complete precipitation of the titanium evidently depends 
on the reduction of the concentration of free acid to a point where 
the titanium hydroxide is no longer appreciably soluble. Let us 
suppose the precipitation to be incomplete. If now we should add 
to the system a weak base like aniline, a certain quantity of the 
free acid would be converted into neutral salt, and thus the con- 
centration of the acid would be diminished, though an appreciable 
quantity would always remain unless a very great excess of re- 
agent were used, for, according to the principles of hy- 
drolysis, the salt of a weak base must be partially decomposed by 
water into free base and free acid. Thus: 


C,H,NH,Cl = C,H,NH, + HCI. 


The precipitation of titanium will therefore go further, in fact, 
to Completion when a proper quantity of aniline has been added, 
because in small concentrations of acid, titanium hydroxide is 
practically insoluble. The degree of, the hydrolysis of the aniline 
hydrochloride is conditioned by temperature, by the degree of 
dilution, and by excess of free base. Speaking in general of this 
class of weak bases, it is, of course, true that the degree of hy- 
drolysis, in other words the concentration of free acid in solutions 
of their salts, depends on the strength of the base. Some organic 
bases are so weak that they would doubtless be of no service for 
any quantitative precipitation, but those whose hydrochlorides 
are hydrolyzed to an extent of several per cent. in dilute solutions 
form a group well adapted for the separation of weak from strong 
metallic bases. For the strong bases like magnesia, the alkaline 
earths, etc., are incapable of existence with free acid, while the 
weak ones, whose salts are more or less hydrolyzed in aqueous 
solution, are practically insoluble in such concentrations of acid 
as one can readily obtain by the above means. This is the prin- 
ciple of most analytical separations by weak organic bases, and the 
most important one involved in the experimental part of this 
paper. Of course there are cases in which the precipitate by an 
organic base redissolves in excess. Thus several paraffin amines 
redissolve the hydroxides of aluminum, copper, silver, zinc, etc., 
and it is possible some of the weaker bases may yield separations 
on this principle, though no cases of the kind are known to me.' 


1 In her statement that phenylhydrazine throws down, from thorium nitrate, a ‘‘ ca- 
nary-yellow precipitate, easily soluble in excess,’’ Miss Jefferson appearsto bein error. 
See this Journal, 24, p. 546. 
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In the study of the separations in the sequel, it seemed of inter- 
est, not merely to determine the necessary empirical conditions, but 
also to inquire how much acid is freed from the salts of certain 
weak bases—the precipitants—under definite conditions of dilu- 
tion, temperature and excess of the base. Thus the hydrolytic 
constant, 

BOH X HCl 

V(BCl) ’ 
of aniline, and of phenylhydrazine hydrochloride was determined 
in N/1o solutions at a temperature of 40° C. In this way could 
be made an approximation to the concentration in free acid pos- 
sessed by the solutions in which the separations were made—con- 
centrations in which certain weak metallic bases remain without 
dissolving appreciably. 


i 


SEPARATION OF ALUMINUM FROM IRON. 


Several years ago Campbell and Hess! described a method for 
precipitating aluminum in the presence of iron after the latter had 
been reduced to the ferrous state by sulphurous acid. The reagent 
used was phenylhydrazine. The results appeared satisfactory, 
and, as a good method for the direct determination of aluminum in 
the presence of iron was needed, Dr. W. F. Hillebrand suggested 
that I study this separation more closely, especially in regard to its 
application to rock analysis, where titanium is nearly always 
present, and sometimes zirconium. I desire in this place to 
express to Dr. Hillebrand my best thanks for this suggestion. 

In brief, my results indicate that it is practically impossible to 
separate the iron completely in one precipitation. With a double 
precipitation, the results are good. When the quantity of pre- 
cipitated alumina is large, there is apt to be a loss, which I ascribe 
to the long contact with the faintly acid wash solution which is 
necessary to remove the iron. Thus I have obtained on certain 
rocks results which were considerably lower than those carefully 
determined by difference in the usual way. On.the other hand 
from mixtures of iron, aluminum, titanium, and zirconium salts 
made up from standard solutions the results have been satisfac- 
tory. This discrepancy has not thus far been explained. The 
method is excellently adapted to the separation of very small 
quantities of aluminum, such as a milligram or even less, from a 


1 This Journal, 21, 776. 
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large excess of iron, a point of considerable practical importance. 


In the following tests, standard solutions of ferric and alu- 
minum chlorides were used. The former was prepared from 
piano wire by dissolving in pure hydrochloric acid, filtering, oxi- 
dizing with chlorine, and driving out the excess from the hot 
solution by a current of air. No alumina or other bases of similar 
strength could be detected in this solution. It was standardized 
by precipitation with ammonia. The aluminum chloride was pre- 
pared by dissolving “C. P.” metal in hydrochloric acid, filtering off 
the silicon and diluting. The exact strength was determined by 
precipitation with ammonia. ‘The solution contained only a trace 
of.iron. 

To the conditions laid down by Campbell and Hess a few addi- 
tions might be made. The volume of the solution may vary, 
according to the quantity of alumina to be precipitated, from 100 
to 200 cc. It should be heated and reduced by adding saturated 
ammonium bisulphite. From 5 to 20 drops, according to the 
quantity of iron, may be used. If the solution turns deep red 
(ferric sulphite) it is not acid enough, and a few drops of hydro- 
chloric acid should be added, for the sulphite itself does not re- 
duce ferric salts, at least not with rapidity. Now quickly bring 
to neutrality with ammonia, and then add several drops of dilute 
hydrochloric acid. If this last operation is done too slowly, the 
oxygen of the air helps to form a little ferric hydroxide which does 
not always readily dissolveinthediluteacid. Finallyaddfromtito 3 
cc. phenylhydrazine,’ according to the weight of the alumina to be 
precipitated. If too little has been used, a few drops added to the 
filtrate will disclose the mistake. Stir until the precipitate has 
become sufficiently flaky and allow tosettle. Thesupernatant liquid 
will now be plainly acid to litmus. One need not be disturbed if 
the precipitate has a brownish color, for it is not due to ferric 
hydroxide but to the coloring-matter contained by all phenylhy- 
drazine which has not been freshly distilled. When the determi- 
nations are allowed to stand too long, the air increases this oxida- 
tion product, and a brown insoluble scum forms on the surface of 
the liquid and on the sides of the vessel, which is rather trouble- 
some to the analyst. Fortunately equilibrium appears to be 


1 NoTte.—The reagent should, of course, be free from inorganic impurities which could 
disturbthe results. The author found one sample, which, after persistently giving high 
results, was proved to contain tin, which had probably been used in its preparation. 
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established in a short time. The vessels need not stand more than 
an hour at any rate.’ 
PRECIPITATION OF ALUMINA ALONE BY PHENYLHYDRAZINE. 


1 cc. AlCl, =0.005001 gram Al,O,. 


Found. Error. 

Taken. Gram. Gram. 
I 50 cc, = 0.2500 gram Al,O, 0.2487 —0,.0013 
25 cc. = 0.1250 gram Al,O, 0.1236 —0.0014 
5 cc. = 0.0250 gram Al,O, 0.0254 0.0004 


The tendency toward low results is here plainly visible. 


SEPARATION OF SMALL QUANTITIES OF ALUMINA FROM EXCESS 
OF IRON. ; 

The first precipitation in the following series was made in a 
nearly neutral solution of about 150 cc. volume. After washing 
out most of the iron by the phenylhydrazine sulphite solution, the 
precipitate was dissolved on the filter in a few cubic centimeters 
of hot, dilute hydrochloric acid, washed through with hot water, 
neutralized with ammonia and acidulated with 2 or 3 drops 
1:1 HCl. The precipitate which is thrown down in a smali 
volume of liquid by 0.5 cc. phenylhydrazine, is washed with the 
sulphite solution till free from iron. After blasting, the precipitate 


is usually pure white. 
Al,O3 found. Error. 


No. FeCl; taken. AICI; taken. Gram. Gram. 

I 35 cc. = 0.2189 gr. Fe,O, 0.1 cc. = 0.0005 gr. Al,O; 0.0005 0.0000 
2 epee, aba at 3 a2 =o.09To;**. ** 0.0014 +0 0004 
3 35 ‘© =0.2189 “ 0.6 ** = 0.0030 ** ‘  0,003I -+0.0001 
rr 45 *© =io2189 %. * o7  =o0.0007 * * 0.0008 -+0.0001 
of an = 6.2189. = -* 1a Secems, 0.0013 +0.0001 
3’ 33 “6 = 0.1867 ** 2.0 ** =0,0020 ‘© ‘ 0.0019 —0.0001 


SEPARATION OF TITANIUM FROM IRON. 


As solutions of titanium chloride are quite unstable, a standard 
solution of the sulphate was prepared as follows: Potassium 
titano-fluoride of the market was twice crystallized from hot water 
and dried at 105° C. A weighed quantity of this compound was 
then heated in a large platinum crucible with excess of sulphuric 
acid, until free from fluorine. A very low flame should be used, 
or insoluble basic sulphate may form. The cooled sulphate was 


1 The precipitate is washed by a solution of phenylhydrazine sulphite, made by add- 
ing cold saturated sulphurous acid to a little phenylhydrazine until the crystalline sul- 
phite first formed, dissolves in the excess. The solution has an acid reaction. Five to 10 
cc. of this are used in 100 cc. hot water. See Campbell and Hess : Loc. cit. 
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then poured into excess of cold water, precipitated by ammonia, 
washed, and redissolved in a quantity of sulphuric acid 5 or Io 
per cent. in excess of that demanded by theory, to prevent hydrol- 
ysis. 

Phenylhydrazine gives a practically complete separation of 
titanium from iron, in two precipitations. I have never found 
more than traces of titanium remaining with the iron. It was 
sought for as follows. The iron, with any titanium it might con- 
tain after the precipitation with phenylhydrazine, was removed 
from the solution by ammonium sulphide, washed a few times and 
dissolved in nitric acid, from which solution it was subsequently 
precipitated by ammonia and weighed. The weighed oxide was 
now tested for titanium by the method described in Bulletin 176, 
U. S. Geol. Survey, p. 67. 

TiO, found in Fe,O,. 
i. II. III. IV. V. 
0.00017 gram None 0.0002 0.0002 Trace 

The same details apply to this separation as were laid down for 
the separation of aluminum from iron, except that here the solu- 
tion may be considerably more acid before adding the phenylhy- 
drazine. If much titanium is present, a considerable precipitate 
will form before the solution is completely neutralized by ammo- 
nia. When the neutral point is reached, a half dozen drops of 
1:1 hydrochloric acid may be added. This quantity is frequently 
insufficient to redissolve all the titanium precipitate but that is a 
matter of no consequence. 





FeCl, taken. Fe.03 Ti(SO4)o taken. TiO. 

— found. Error. a found. Error. 
No. cc. = Gram Fe.0O3. Gram. Gram. cc. = Gram TiO,. Gram. Gram. 
T 35 0.1748 wu eee wee w ees 2 0.0020 0.0022 -+0,0002 
2 2s 0.0250 0.0254 * +0.0004 25 0.0246 0.0237 —0.0009 
a: 2 0.0100 0.0104 +0.0004 25 0.0246 0.0254 -+0.0008 
4 25 0.1248 == seveee ss vo von I 0.00IO 0.,00II -+0.0001 
5 Io 0.0499 —=steees te eeeee 50 0.0492 0.0501 -+0.0009 
G3 O.OIGO — seers we eens 50 0.0492 0.0502 -+0.0010 


SEPARATION OF ZIRCONIUM FROM IRON. 

A standard solution of zirconium sulphate was used in these 
experiments. The raw material consisted of picked crystals of 
North Carolina zircon,! which were converted into potassium 
zircono-fluoride after the excellent method of Marignac.? 


1 My thanks are due to Mr. Wirt Tassin, assistant curator of the National Museum, 
from whom the zircon, as well as a supply of beryl, was obtained. 
2 Ann. chim. phys. (3), 60, 260. 
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After two crystallizations it was dried carefully at 105° C., and 
then changed into sulphate by a method similar in all details to 
that given for the titanium compound. 1.0470 grams of the above 
preparation, thus treated and afterwards precipitated by ammonia, 
thoroughly washed, dissolved in hydrochloric acid and again pre- 
cipitated and washed as before, ignited and finally blasted, gave 
0.4508 gram ZrO, instead of 0.4529 gram required for K,ZrF,. 
The details of the separation of zirconium from iron are the same 
as those for the separation of titanium. The following results 
show that a single precipitation is not always sufficient to remove 
all the iron. 


SINGLE PRECIPITATION. 





FeCl; taken. Zr(SO4)o taken. ZrO. 

found. Error. 

No. cc. = Gram Fe,03. cc. = Gram TiOs. Gram. Gram. 
I 30 0.1876 2 0.0020 0.0023 +0.0003 
2 4 0.0250 23 0.0229 0.0230 -+-0.0001 
3 I 0.0062 25 0.0249 0.0255 +0,0006 
4 35 0.2189 I 0.0010 0.0016 -++0.0006 
5 Io 0.0625 50 0.0498 0.0520 +0,.0022 
6 : 0.0062 50 0.0498 0.0530 +0,0032 


DOUBLE PRECIPITATION. 














FeCl; taken. Zr(SO4)o taken. ZrO» 
- “ a “ =a found. Error. 
« No. ce. = Gram Fe.O3. ce. = Gram TiOs. Gram. Gram. 
50 0.2997 50 0.0500 0.0496 —0.0004 
2 50 0.2997 I 0.0010 0.00II +0.0001 
3 5 0.0300 25 0.0249 0.0247 —0.0002 


In the following series of determinations, aluminum, zirconium, 
and titanium in varying quantities were separated from iron as 
already described, and weighed together. The standard solutions 
used have already been described. 


SEPARATION OF ALUMINUM, TITANIUM, AND ZIRCONIUM FROM 


IRON. 

Al,03 + Al.O3 + 

TiOs + TiO, + 

Fe.O3 Al,Oz TiOg ZrOzg ZrOg ZrOo 
taken. taken. taken. taken. taken. found. Error. 
No. Gram. Gram. Gram. Gram. Gram. Gram. Gram. 
0.0999 0.1500 0.00985 0.00492 0.1648 0.1654 -+0.0006 
0.1249 0.1650 0.01477 0.00196 0.1817 0.1816 —0.0001 


0.1748 0.0500 0.0197 0.00287 0.0726 0.0717 —0.0009 
0.0749 0.1000 0.0049 0.00098 0.1059 0.1063 -+0.0004 
0.1748 0.0250 0.0197 0.0148 0.0595 0.0603 +0.0008 


ut & be 





Average, -+0.00016 
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In a recent paper by Miss A. M. Jefferson’ it is stated that 
zirconium is not precipitated by phenylhydrazine. Now zirconia 
is certainly a weaker base than alumina, and, according to the 
principles stated in the beginning of this paper, ought to be pre- 
cipitated by phenylhydrazine, the more so since, according to Miss 
Jefferson, it is precipitated by aniline, a base which my experi- 
ments indicate to be somewhat weaker than phenylhydrazine. It 
should be noted, however, that Miss Jefferson employed a cold 
solution of zirconium nitrate, while the experiments I have de- 
scribed were performed with solutions containing sulphates and 
chlorides or chlorides alone. As theory indicates the possibility 
of a difference, the following tests were undertaken: Zirconium 
hydroxide was prepared from the sulphate and then dissolved in 
dilute nitric acid. The solution was freed from most of the acid 
by evaporating to a volume of a few cubic centimeters, and diluted 
with cold water so that I cc. contained about 1 mg. ZrO,. The 
solution contained no sulphate. In the first test, a portion of it 
was precipitated by a large excess of phenylhydrazine, 5 cc. to 25 
cc. of the solution. After standing more than twenty-four hours, 
the precipitate was filtered, washed, ignited and blasted. 

Found, By ammonia. 
ZrO, = 0.0251 0.0245 

Twenty-five cc. of the solution with 1 cc. of the reagent gave 
ZrO, = 0.0241 gram. Ammonia gave no precipitate with the fil- 
trate. I could not discover that the zirconium hydroxide had any 
tendency to dissolve in excess of phenylhydrazine. The same state- 
ment may be made of aniline, which also precipitates zirconium 
completely. 

It was thought to be of some interest to determine the behavior 
of phenylhydrazine with the remaining elements of this natural 
family, thorium and cerium. 


PHENYLHYDRAZINE AND THORIUM. 


A solution of thorium nitrate was prepared from the pure di- 
oxide. The latter was brought into solution by fusion with 
potassium acid sulphate from which it was precipitated by ammo- 
nia in a form soluble in dilute nitric acid. A double precipitation 
was necessary to remove sulphate entirely. The nitrate was 
evaporated to crystallization and dissolved in cold water. 

1 This Journal, 24, 543. 





_— 2 2 2.. wee ce ee 


>.> = 


that 
ynia 
the 
pre- 
iss 
eri- 
It 
cold 


and 
ility 
ium 
d in 
acid 
uted 
The 
of it 
0 25 
UTS, 


save 
> fil- 

any 
tate- 
lium 


vior 
ural 


2 di- 
with 
1mo- 
ition 

was 





PRECIPITATION BY ORGANIC BASES. 429 


Three portions of 25 cc. each were then precipitated as follows: 
No. I was precipitated by ammonia, washed, ignited and weighed 
as in an ordinary determination. No. 2 was nearly neutralized 
with ammonia, precipitated hot and washed with hot water. No. 
3 was treated as No. 2, except that a smaller amount of reagent 
was added to the cold solution and the precipitate was washed 
with cold water. In all cases the precipitate was blasted before 
weighing. 

ThO, found. 

I 25 cc. contained 0.0477 gram average of three determinations by NHj. 

2 25 ‘‘ hot by phenylhydrazine 0.0477 gram. 

3 25 cc. cold by phenylhydrazine 0.0475 gram. 

The precipitated thoria was white or nearly so. 

Regarding Miss Jefferson’s statement? that phenylhydrazine 
throws down, from a ‘solution of thorium nitrate, “a canary- 
yellow precipitate, easily soluble in excess,” I can say that if the 
solution contains much free nitric acid, the precipitate is colored 
yellow, evidently by an oxidation product of the phenylhydrazine. 
The precipitate may be obscured by an excess of reagent, but there 
is no tendency to redissolve. Thus, in one test I employed 5 cc. of 
the reagent to a small volume of the thorium solution. I was at 
first in doubt about the result, but a careful examination showed 
that no thorium passed through an ordinary filter. 


PHENYLHYDRAZINE AND CERIUM. 


‘he remaining element in the family under consideration is 
cerium. It differs from the other three members, in that it is 
easily reducible from the quadrivalent to the trivalent state. 
Phenylhydrazine fails to precipitate it except in a partial way 
from its ceric salts, not because it is a more basic element than the 
rest but because it is an oxidizing agent which phenylhydrazine 
easily reduces to the cerous condition, and cerous oxide is a much 
stronger base. These statements were proved by the following 
experiments : 

Ceric ammonium nitrate, (NH,),Ce(NO,),.144H,O, was 
made from a preparation of cerous nitrate furnished by Merck. 
To separate it from any neodymium and praseodymium, 
it was twice precipitated by caustic potash and oxidized 
by a stream of chlorine, the ceric hydroxide being thor- 

1 This Journal, 24, 546. 
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oughly washed after each treatment. The ceric hydrox- 
ide was now changed to ceric ammonium nitrate by the 
addition of dilute nitric acid and a little ammonium nitrate. A 
comparatively concentrated solution of this salt, containing con- 
siderable free acid, at once oxidized both phenylhydrazine and 
aniline with marked color changes, and no excess of either pro- 
duced, thereafter, any precipitate.’ With a dilute and nearly 
neutral solution, the results were different. Such a solution was 
obtained by evaporating one like the above to dryness in a vacuum 
desiccator with lime and sulphuric acid. 

The beautiful orange crystals, with the small excess of ammo- 
nium nitrate they contained, were then put into solution by cold 
water, and after standing a day or two, filtered from a slight pre- 
cipitate which had formed. The concentration of this solution 
was not far from 1 mg. CeO, per cubic centimeter (20 cc. gave 
0.0161 gram). 15 cc. of the solution were treated with a little 
phenylhydrazine and set away for twenty-four hours. Some little 
precipitate, composed partly of organic matter, apparently an 
oxidation product of the reagent, had formed, but the filtrate 
yielded with ammonia 0.0078 gram CeO, out of a total quantity 
of 0.0121 gram originally contained in the solution. Aniline 
being a weaker reducing agent gave a practically complete precipi- 
tation with this solution. Only two or three very small flakes 
were obtained from the filtrate by ammonia. 


PHENYLHYDRAZINE AND FERRIC SALTS. 


Ferric salts follow ceric salts in their behavior, except that 
phenylhydrazine gives with the former almost no precipitate. 
This is true, at least, with both strong and weak solutions of ferric 
chloride. With one containing about 1 mg. per cubic centimeter, 
phenylhydrazine at first brings down some brown hydroxide 
which dissolves when the liquid is shaken, leaving only a little 
insoluble tarry matter. Aniline, however, gives a complete pre- 
cipitation ; at least the filtrate is colorless and gives no precipitate 
with ammonia. 


SEPARATION OF TITANIUM FROM BERYLLIUM. 


It has been shown that the elements of the quadrivalent family, 
Ti-Th, are, with the exception of Ce, separable from iron by 
1 See also Gmelin-Kraut, Vol. II, part 1, p. 508. 
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phenylhydrazine. Beryllium forms a much weaker base than fer- 
rous iron, but it may be separated from titanium and zirconium in 
a fairly satisfactory manner by similar means. The tendency is 
for the beryllium also to be partly precipitated, and with sulphate 
solutions, especially where the quantities of the elements to be 
separated are considerable, satisfactory results are not obtained 
by two precipitations. The standard solution of beryllium em- 
ployed in the work was the chloride. The source of it was beryl 
from Chester County, Pennsylvania. I transformed this into the 
double fluoride by the method which Marignac used in extracting 
zirconia from zircon, viz., by fusing the powdered mineral with 
two to three times its weight of potassium fluoride. For con- 
venience in handling, the fused mass may be poured out in a thin 
sheet into a platinum basin and subsequently powdered. It is 
then boiled several times with successive portions of water, to 
which should be added at first some hydrofluoric acid. The 
double fluorides which silicon and aluminum form with potassium 
are nearly insoluble in water containing potassium fluoride, and 
are thus for the most part left behind. The solution is now 
evaporated to a small volume and allowed to crystallize. The 
salt is then recrystallized several times. It dissolves rather 
slowly in boiling water. Each time the last portion should be 
rejected. The compound still retains iron, which may be entirely 
removed by passing hydrogen sulphide through the aqueous solu- 
tion, which is, of course, alkaline. The crystals may finally be 
dried at 105° C. It is a difficult matter to be sure of the complete 
absence of alumina, but the following determination indicates 
that the compound thus prepared is essentially pure. A weighed 
portion was changed into sulphate by heating with sulphuric acid, 
thence through the hydroxide to chloride, and finally to hydroxide 
again, which was ignited and weighed. To be sure that the 
beryllium oxide was free from sulphate, the precipitation with 
ammonia was, in fact, made three times. All the filtrates were 
evaporated to a small volume and treated with a little ammonia, 
which brought down a little beryllia, which was filtered and 
washed separately and added to the main portion. 1.2996 grams 
gave 0.2008 gram BeO; calculated for K,BeF,, 0.1993. I am not 
aware that this method has been used previously to extract 
beryllium from beryl. For the determinations which follow, a 
solution of beryllium chloride was prepared as above indicated. 
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To separate titanium and zirconium from beryllium, it is not, of 
course, necessary to add any soluble sulphite. The acid solutions 
are merely brought nearly to neutrality with ammonia and then 
acidified with several drops of dilute hydrochloric acid. A double 
precipitation was made, and water only was used for washing. 
The solutions were heated but not boiled. As previously stated, 
the results were not so exact as in the separation of titanium and 
zirconium from ferrous iron. 


SEPARATION OF TITANIUM FROM BERYLLIUM—DOUBLE PRECIPI- 


TATION. 

BeCl, taken. BeO Ti(SO4)2 taken. TiO» 
os found. Error. ——_ found. Error. 
No. cc. = Gram BeO. Gram. Gram. cc. = Gram TiO,. Gram. Gram. 
Io O.OIOI = eevee se wc cee fe) 0.0096 0.0096 0.0000 
IO = O.OIOT woe e ete eee IO ~—-0.0096 ~—_ 0.0096 0.0000 
5 O.0050 wees we we eee 25 0.0239 0.0247 —0.0008 
30 0.0302 eevee ween 5 0.0048 0.0069 -+0.002I1 


100 0.1006 0.0960 —0.0046 100 0.0958 0.0996 -+0.0038 
95 0.0956 0.0951 —0.0005 5 0.0048 0.0054 -+0.0006 
5 0.0050 0.0049 —O.000I1 95 0.0910 0.091I -+0.0001 


NAM AW Db 


The beryllium was determined in the filtrate from titanium by 
ammonia as in an ordinary determination of aluminum. Subse- 
quent experiments showed that phenylhydrazine precipitates a 
large fraction of the beryllium from a solution of the sulphate, 
but none from the chloride. It follows that a double precipitation 
by phenylhydrazine from a chloride solution would give a more 
exact separation from titanium, than those recorded above. 


SEPARATION OF TITANIUM FROM BERYLLIUM BY ANILINE. 


BeO taken. TiO, taken. TiO. found. Error. 

No. Gram. Gram. Gram. Gram. 
0.050 0.1416 0.1422 —0.0006 
2 0.075 0.0944 0.0950 —0.0006 


The solutions used were beryllium chloride and titanium sul- 
phate. The mixtures were first changed to chlorides by precipita- 
tion with ammonia and subsequent solution in hydrochloric acid. 
From the chloride solution, a double precipitation was made by 
aniline. 


SEPARATION OF ZIRCONIUM FROM BERYLLIUM. 


Everything that has been said as regards the separation of 
titanium from beryllium applies equally well here. 
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BeCl, taken. BeO Zr(SO4)e taken. ZrO. 

—s found. Error. Se found. Error. 
No. cc. = Gram BeO. Gram. Gram. cc. = Gram ZrOg. Gram. Gram. 
I 5 O.0050 ewes wet eee 95 0.0925 0.0961 -+0.0036 
2 95 0.0956 «weer e wo eee 5 0.0049 0.0061 -+0.00I2 
3 5 0.0066 0.0040 —0.0026 45 0.0438 0.0458 -+0.0020 
4 45 0.059I 0.0590  —O.000OI 5§ 0.0049 0.0052 -+0.0003 
& 25 0.0196 0.0187 —0O.0009 45 0.0438 0.0443 -+0.0005 
6 35 0.0458 0.0445 —O.0013 35 0.0341 0.0359 +0.0018 
7 100 0.1305 0.1290 —0O.O0I5 50 0.0506 0.0520 -+0.0014 


An inspection of these tables makes it plain that a little beryl- 
lium is sure to be carried down with the quadrivalent metal, 
where sulphate solutions are used, but here too, as in the 
case of beryllium and titanium, we may confidently predict more 
accurate results, if chloride solutions are taken. 


SEPARATION OF THORIUM FROM BERYLLIUM. 


BeO taken. ThO, taken. ThO, found. Error. 

Gram. Gram. Gram. Gram. 
I 0.025 0.2863 0.2847 —0.0016 
2 0.025 0.1909 0.1895 —0.0014 


The solutions used were beryllium chloride and thorium nitrate. 
Separation I was made with phenylhydrazine, separation 2 with 
aniline. Double precipitations were made in both cases. Thoria 
is, of course, a stronger base than titania or zirconia. From the 
above solutions it did not precipitate until a boiling temperature 
was reached and the precipitate was very slimy, like alumina when 
precipitated under the same circumstances. This may account 
for the fact that the results are a little low. 

Attempts to separate aluminum from beryllium, and chromium 
from beryllium, and from ferrous iron, all failed. Usually the 
bivalent metal was carried down in considerable quantities with 
the trivalent one. Chromium chloride does not easily precipitate 
with phenylhydrazine. Many experiments tried along the above 
lines show that two elements when too near the same basicity can 
not be separated by this method, though just why the bivalent 
element should be partly precipitated in the presence of the 
trivalent is not perfectly clear. 


THE HYDROLYSIS OF ANILINE AND PHENYLHYDRAZINE HYDRO- 
CHLORIDES. 


The degree of hydrolysis which a salt suffers in aqueous solu- 
tion, may be estimated from its conductivity, the values observed 
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being compared with those shown by salts of the same type in 
which hydrolysis is negligible; or it may be calculated from the 
velocity of certain chemical actions which are caused by the free 
acid present in the salt solution. The best examples of the latter 
are the inversion of cane-sugar, and the saponification of methyl 
acetate. The last-named method! was selected in this work. A 
medium temperature of 40° C. was chosen. It was maintained by 
a thermostat of the Ostwald type, of 100 liters’ capacity, which 
could be held within limits of about 0.2° C. for long periods. All 
the experiments were made with N/Io solutions of the hydro- 
chlorides of the two bases, phenylhydrazine and aniline. Several 
preparations were used that there might be reasonable certainty 
that the saponification constants were not affected in any consider- 
able degree by impurities. Two different samples of “C. P.” 
phenylhydrazine hydrochloride were purified by dissolving in alco- 
hol and precipitating by ether. One specimen of aniline hydro- 
chloride was prepared in a similar way, and another was made 
from pure aniline by evaporating with pure hydrochloric acid on 
the water-bath. All the preparations stood a long time in desic- 
cators with lime and sulphuric acid, before use. The reaction 
vessels consisted of 8-inch test-tubes which were first treated for 
some time with steam, then boiled with concentrated hydrochloric 
acid and finally very thoroughly washed and dried.?, N/to solu- 
tions of the hydrochlorides were employed in the saponification 
as representing on the average about the concentration of these 
salts in those solutions in which the separations were made. In 
detail, the proper quantities of the salts, wiz., 0.324 gram 
C,H;.NH,Cl, and 0.361 gram C,H,.N.H,Cl, were first weighed 
out and transferred to the reaction tubes. The latter were then 
constricted in the flame at a distance of 2 or 3 inches from the 
open end, after which I cc. methyl acetate was introduced by a 
pipette about 2 mm. in diameter, followed by 250 cc. water free 
from carbonic acid. ‘The tubes were then sealed, cooled, shaken 
to mix the contents, and placed in the bath. After a sufficient 
interval, a tube was withdrawn, chilled and opened. Its contents 
were then tested as follows: I cc. was removed by a pipette, added 
to a small volume of water free from carbonic acid and titrated 
with N/2o soda, phenolphthalein serving as an indicator. The 


1 Walker : Zitschr. phys. Chem., 4, 319. 
2 Ley: Jbid., 30, 229; Walker : J. Chem. Soc., 68, 577. 
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errors in measurement were reduced to a minimum by using 
narrow instruments. The pipette was about 2 mm. in diameter 
and the 10 cc. burette, about 8 mm. During the titration, the 
contents of the burette were protected from the outer air by a 
soda-lime tube. The sodium hydroxide was prepared according to 
Ley,’ and was proved free from carbon dioxide by titrating against 
N/to hydrochloric acid, first with the aid of phenolphthalein, 
then with methyl orange. 

1. Phenolphthalein used as indicator: 5 cc. HCl= 9.58, 9.59, 
9.58, 9.60 cc. NaOH; mean, 9.59 cc. 

2. Methyl orange used as an indicator: 5 cc. HCl = 9.59, 9.52, 
9.58, 9.59 cc. NaOH; mean, 9.57 cc. 


SAPONIFICATION OF METHYL ACETATE BY N/IO HYDROCHLORIC ACID 
AT 40° Cc. 

25 cc. acid and I cc. methyl acetate were used in each test. I cc. 
acid = 0.00374 gram hydrochloric acid, as determined by sodium 
carbonate. The process was carried out in sealed tubes as de- 
scribed above: ; 

» =I cc. of the original mixture in terms of N/20 soda = 
2.10. 
a,=t1cc. of the mixture when saponification was com- 
plete = 9.50. 
a=a,—4a,=7.4 = the original mass of methyl acetate 
in terms of N/20 soda. 
Then the saponification constant for a reaction of the first 


I a 
order —= K = Fi ers 


Here, of course, t = the time, in this case measured in minutes, 
and + = quantity of methyl acetate changed, or acid liberated in 
the time ¢, again in terms of the soda solution. The Briggs 
logarithms were used in the calculation. 


PA 5 HX, = 2.25 K, = 0.001204 
t, = 235 m Xs = 355 K, = 0.001207 
t, = 324 ™ Xe =4.33 K,; = 0.001180 
t, = 363 m Hy = 4.70 K, = 0.001206 





Average = 0.00120 
1 Zischr. phys. Chem., 30, 205. 
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Corrected for volume, since 1 cc. methyl acetate was added to 
, 26 

the 25 cc. acid, K =0.00120 X 35° 


Corrected for concentration, since the acid was not exactly 
6 
N/10, K = 0.00120 X ea x 3°45 =—'9 001216. = 1:22 < 10> 
25 3740 


Walker’ found for the velocity constant of the same reaction at 
25° C., K = 0.00315, using normal hydrochloric acid. Ley? found 
at 99.7° C., K = 0.00158 as the average for N/s500 hydrochloric 
acid, and 0.00307, average for N/250 hydrochloric acid. 

If these constants are made comparable by multiplying them by 
their corresponding concentrations, we have: 

kv = 0.00315 at 25° C.— Walker. 
‘© — 0,01216 at 40° C.—Allen. 
‘* — 0,782 (average) at 99.7° C.—Ley. 

Strictly these quantities should, of course, be multiplied by 2.3, 
because the natural logarithms were not used in the calculations. 

Van’t Hoff has shown that we may get some light on the 
change of reaction velocity with temperature if we resolve the 








. @log,K wk “a eds 
equation 717 RE (where K = the equilibrium constant, 
a of any reaction, T = the absolute temperature, and g = the 
heat of reaction) into two others, v2z., c/s oa = + B, and 
aT 7 
/ ! 
owe.” Se pe + B. Bis unknown, but often seems to be negli- 
gible, in vic case, assuming also that g is constant, we have 
k, T, — T 
1 1 ¢ ¢ 
log, k = — 7 + Cor log, 7 =a(352 TT, Soa). By the aid of this 


equation, we may convilete the various values of & found at dif- 
ferent temperatures. 

Substituting for k,, k,, t, and t,, 0.01216, 0.00315, 298 and 313 
respectively, A = 8397. 

Substituting 0.782, 0.01216, 372.7 and 313, A = 8132. 

Considering the difference in dissociation of the different con- 
centrations of acid, the slight variation of q, etc., the agreement 
seems satisfactory. Ky (the saponification constant of methyl 


1 Ztschr. phys. Chem., 4, 324. 
2 Jbid., 30, 230. 
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acetate by hydrochloric acid) may thus be approximately reckoned 
from the equation 


T — 298 
8264, |e |. 
a K..8 i 4 298 T 
oS 
SAPONIFICATION OF METHYL ACETATE BY ANILINE HYDROCHLORIDE 
AT 40° Cc. 


a, = 1.81 = acid in 1 cc. mixture, at the beginning, in terms 
of N/20 soda. 

a,, = 9.30 = free acid in 1 cc. mixture after one month in the 
thermostat at 40° C. 

a= a,—a, = 7.49 total acid freed by saponification in 1 cc. 
mixture, equivalent to the original mass of the methyl acetate in 
terms of soda. 


y a 
i= 7 eS 


2.35 
?, = 1330 ™ Ay =F Bt 
2.32 


2.33 — 1.81 = 0.52 


2.80 
t, == 2450 m XK =| 28 
2.81 


2.5% — 1.85 = 1.02 
Z, = 4290 m Xs on{ + 
3.61 — 1.81 = 1.80 


2, == 5683 m y= os 


4:22 — 1.88 = 2-41 


I K = 2.3§ X 1073 X a == Fin SC lort 
= 26 
2 EK = 2.0 < BES Io-5, 
26 eal 
3 K=298 xX wt X 2 exe $s. 
_ 26 ies 
4 Rss 207 hE ee 5, 


Now if it be remembered that the rate of reaction depends on 
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the concentration of free hydrochloric acid, it will be seen that the 
percentage of aniline salt which is hydrolyzed may be obtained by 
dividing these results by the constant for hydrochloric acid at the 
same dilution. 

2.45 X 1075 + 1.22 X 1073 = 2.0 per cent. 

2:70 X 10-5 + 1:22 X 1073 = 2.2 per cent. 

2:89 { 10=5 +t 1.22 1073: 2.4 per cent. 

3.09 X 10-5 = 1.22 K Io-3 = 2.5 per cent. 

As there is always a constant ratio between the undecomposed 
part of the salt, multiplied by the volume in which it is contained, 
and the product of the decomposed parts, we have the well-known 

x’ 
V(1—*2*) 
V is the volume in which 1 gram-molecule is dissolved, and C is 
the hydrolytic constant. If we take the average of x as 2.3, 
C= 5.4 X 10 °, or if 2is more nearly correct, C= 4.1 X 10 °.- 

The strength of aniline has previously been determined by two 
different observers. Bredig,’ using the conductivity method, con- 
cluded that 2.63 per cent. of aniline hydrochloride was decomposed 
in N/32 solution at 25° C., while Walker,” by the use of the sugar 
inversion method, obtained the value 4.5 per cent. at 60° C.in N/30 
solution. 

If we calculate these results to N/1o dilution by the use of the 


» 


equation =C, where +x is the percentage hydrolyzed, 


equation C = eocey we have : 
1.48 per cent. hydrolyzed at 25° C.—Bredig. 
Boo fs vas ** 40° C.—Allen. 

263°%* Ss _ ** 60° C.— Walker. 


These results indicate a nearly regular increase in hydrolysis 
with increasing temperature. Regarding this point not much is 
known, but Madsen’s® results indicate that the increase may be 
very considerable. 

SAPONIFICATION OF METHYL ACETATE BY PHENYLHYDRAZINE 
HYDROCHLORIDE AT 40° C. 


aa nes a, = 10.90 a@ = 9:42 
2. = 1530 hy == 0.37 
t, = 2419 Ho= 0.57 
t, == 4290 X%3 = 1.55 
t, = 5683 4,= 2.33 
t, == 6960 X= (3:02 


1 Zischr. phys. Chem., 13, 322. 
2 7. Chem. Soc., 67, 582. 
3 Zischr. phys. Chem., 36, 294. 
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26 
25 


6 
KK = 3.44 << 16°55) -X = 1.50 X Io-S -+ 1.22 K Io-3 = 1.2 per cent. 


K = 1.67 < 16073. x = 3.73 X 1075 + §.22 Kk 1lo-3 = 1.4:per ces. 


K = 2:45 << 10> x = = 2.47 X 1o7* +- 1.22 X 10-3 = 2.0 per cent. 


EK = 9.89 << Io73 X< = 3.00 XK 10-5 + 1.22 K 10-3 = 2.5 per cent. 


2 
26 
25 

a _ 26 

i = 4.27. < Io7> 25 = 3.40 X 10-5 + 1,22 K 10-3 = 2.8 per cent. 


Comparing these results with those for aniline hydrochloride, 
we note that there is an acceleration in the rate of saponification in 
both cases. With aniline hydrochloride, this is comparatively 
small; with the phenylhydrazine compound, considerable. If 
the periods of time had been successive instead of overlapping, 
the acceleration would be seen to be actually greater than the 
above figures indicate. If we compare the values for a, we have 
a = N/to hydrochloric acid, 7.4; N/to aniline salt, 7.49; N/Io 
phenylhydrazine salt, 9.12. 

This means that by some secondary reaction more acid has been 
formed than the methyl acetate could furnish. On this account 
it seems more rational to calculate the percentages hydrolyzed, 
from the earlier periods of the process. This leads us to the 
approximate values 1.5 per cent. for the phenylhydrazine salt and 
2.0 per cent. for the aniline compound. Many other experiments 
on the saponification of methyl acetate were made with other 
preparations of the salts, but since all led to the same conclusions 
and the table given above contains the results obtained under the 
most carefully regulated conditions, no others have been quoted. 


In calculating the values of K = 7 log, —— for the phenyl- 


hydrazine salt, a was taken equal to 7.4. 

A similar case of acceleration in the saponification of methyl 
acetate was noticed by Ley,! when he employed solutions of 
aluminum and lanthanum chlorides. 

He attributed the acceleration to a secondary action between the 
chloride and acetic acid, setting free the more highly dissociated 
hydrochloric acid. 

If we compare aniline and phenylhydrazine in regard to their 
power to precipitate the weak inorganic bases, it appears that their 
strength is nearly the same, but that of aniline is slightly less. 

1 Ztschr. phys. Chem., 30, 231. 
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Salt. Action of aniline. Salt. Action of phenylhydrazine. 
Be(NO;), Trace of precipitate. Be(NO,), Same as with aniline. 
BeSO, No precipitate. BeSO, Heavy precipitate, though 


not complete. 
Al(NO;); Precipitatiofi slow, but Al(NO,;),; Complete and much more 
complete. rapid precipitation. 
Al,(SO,),; Complete precipitation. Al,(SO,), Complete precipitation. 
Cr(NO;),; Complete, but slow Cr(NO,); Complete and rapid precipi- 
precipitation. tation. 
Cr,(SO,); Complete precipitation. Cr,(SO,), Complete precipitation. 
Ti(NO;), Complete precipitation. Ti(NO,), Complete precipitation. 
Ti(SO,), Complete precipitation. Ti(SO,), Complete precipitation. 
Zr(NO,;), Precipitation complete, Zr(NO,), Precipitation complete and 
but slow. considerably more rapid 
than with aniline. 


Zr(SO,). Complete precipitation. Zr(SO,), Complete precipitation. 
These precipitations were all made in the cold, with solutions 
containing about I mg. of metallic oxide per cubic centimeter, and 
all were slightly acid. 15 cc. of each solution and about 1 cc. of 
the reagent, a large excess, were taken for each test. Where any 
difference is found in the behavior of the two bases, it is seen that 
phenylhydrazine precipitates more rapidly and in one instance, 
beryllium sulphate, it precipitates where aniline has no action. 
That both reagents bring down the same precipitates, one can 
scarcely doubt. They all closely resemble the hydroxides (or 
basic-salts), formed by ammonia, being flocculent and white or 
nearly so, when the reagents are free from color and the solutions 
are dilute. The color of phenylhydrazine is partly borne down 
by the precipitates. I have noticed that solutions containing free 
nitric acid in some quantity, form yellow or brown products which 
are probably oxidation products and which color the precipitates. 
The addition products which are formed by the action of the same 
bases on the chlorides of zinc, cadmium, and mercury, and by 
phenylhydrazine on the chlorides of cobalt and nickel as well, are 
entirely different in appearance; in fact they are crystalline. 
Regarding the difference in the behavior of the nitrates and 
sulphates of the same elements, too little has been done to draw 
conclusions, but it will be noticed that where any difference exists, 
the sulphates precipitate more rapidly. The chlorides have not 
been systematically compared with the sulphates, but enough has 
been done to show that they behave similarly to the nitrates, in 
precipitating less rapidly and sometimes less completely than the 
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sulphates. This may be due to the formation of basic salts in the 
case of the sulphates, precipitates, which possess a different solu- 
bility from the hydroxides, or perhaps the sulphates of the organic 
bases are less dissociated than the chlorides. 


CONCENTRATION OF FREE ACID IN THE SOLUTIONS PRECIPITATED BY 
ORGANIC BASES. 


The solutions in which the previously described separations were 
made, are too complicated in composition to deal with directly. 
All contained an unmeasured quantity of ammonium salt, while 
some contained also several different acids. A few experiments 
were therefore carried out under simplified conditions. 

Experiment I.—100 cc. titanium sulphate, containing 0.0944 
gram titanium dioxide, were precipitated with ammonia, and the 
washed precipitate was transferred by a jet of water to an empty 
beaker. A measured quantity of hydrochloric acid, greater than 
that theoretically demanded, was then introduced. After warm- 
ing and stirring, a large part of the precipitate remaining undis- 
solved, an excess of phenylhydrazine was poured in. The pre- 
cipitate was then filtered, while the filtrate was carefully tested for 
traces of titanium. None was found. It is evident that we have 
here data which, with the value of the hydrolytic constant of 
phenylhydrazine hydrochloride, will enable us to calculate the 
quantity of free acid present. For if m equals the number of 
molecules of the phenylhydrazine salt, / equals the number of 
molecules of excess of base, v equals the volume of the solution in 
liters, k equals the hydrolytic constant, and a equals the degree of 
dissociation, 











_ a(ma-+l) ss Rute [kv kv+l\? 
om v(I—a) and a= 2m Va + ( 2m ). 


Total weight of acid = 0.238. 
Phenylhydrazine required = 0.238 zs = 0.704 gram = 0.006521 gram- 


molecule. 

Phenylhydrazine used = I cc. = I.09 gram. 

Phenylhydrazine in excess = 1.09 — 0.704 = 0.386 gram = 0.003575 gram- 
molecule. 
m = 0.006521 Hence a = 0.001, 7. €., we have 0.006521 X 0.001 « 36.5 = 
2 = 0.003575 0.2 milligram of free acid in Io00 cc. 
& = 0.00002 
v = 0.2 liter. 
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Experiment 2.—In this experiment all the conditions were the 
same as in Experiment I, except that only 0.8 cc. phenylhydrazine 
was used. 

m = 0.006521 a = 0.0027, 7. €¢., we have 0.60 milligram of acid in 200 cc. 
7 0.001555 

k =0.00002 

v =0.2 liter. 

Experiment 3.—To a quantity of freshly precipitated and 
washed alumina equivalent to 0.1257 gram Al,O,, was added a 
very slight excess of hydrochloric acid, viz., 0.280 gram; all the 
precipitate dissolved. At a boiling temperature, 2 cc. phenyl- 
hydrazine gave a practically complete precipitation, but the pre- 
cipitate was very slimy and the conditions were not adapted to 
practical work. The excess of phenylhydrazine here is quite 
large, but other experiments with a smaller excess failed to pre- 
cipitate the alumina completely. 

Here m = 0.007672 gram-molecule. 
2 = 0.01251 gram-molecule. 
k = 0.00002. 
v=oal. 

Hence a@ = 0.00008 and the free acid = 0.007672 X 0.00008 X 
36.5 = 0.02 milligram per 100 cc. 

The concentrations of free acid in the above cases were probably 
a little larger than those in the solutions with which the practical 
work was done, for in the latter cases there was an ammonium 
salt which must have tended to reduce dissociation. 

It is quite certain that titanium hydroxide can be quantitatively 
precipitated in solutions more strongly acid, but we have here, no 
doubt, about the same amount of free acid as in the practical work. 

There is some reason to believe that the calculated values given 
above are somewhat too small, for I found that blue litmus paper, 
while it was decidedly reddened by the solutions we have just con- 
sidered, gave hardly any reaction with solutions prepared by add- 
ing the calculated amount of free acid to 100 cc. distilled water.’ 

I am unable to explain this discrepancy. Possibly the value 
2X 10 for the hydrolytic constant of phenylhydrazine hydro- 
chloride is too small, though one would be inclined to suspect that 
the method used would give high rather than low results. At all 
events it appears probable, in view of all the facts, that the con- 


1 A sensitive litmus tincture, however, reacted strongly with these solutions. 
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centration of free acid in the solutions we have been considering is 
not greater than a few milligrams in 100 cc. 


SUMMARY. 


(1) The weak organic bases, such as show little or no alkaline 
reaction with indicators, on account of the hydrolysis of their 
salts, can, of course, never completely neutralize the acid of a 
metallic salt. They, therefore, cannot precipitate the strong 
metallic bases, but only the weak ones, which are practically in- 
soluble in very dilute acid. The precipitate may be either the 
hydroxide or a basic salt. All the analytical separations with 
these weak bases, which have been devised thus far, seem to in- 
volve this principle. The strong reducing power of phenylhydra- 
zine gives it a particular advantage in certain cases. 

(2) The work described in this paper was done with phenyl- 
hydrazine and aniline. These two bases are of about the same 
strength, aniline being slightly weaker. This conclusion was 
arrived at by the study of the saponification of methyl acetate by 
their hydrochlorides, and also by their power to precipitate metal- 
lic hydroxides. The saponification constants in N/1o solutions at 
40°C. were found to be 2.5 X 10°° for the aniline salt, and 
1.7 X 10-5 for the phenylhydrazine salt. These numbers lead us 
to the values 4 X 10-5 and 2 X 1075, respectively, for the hydro- 
lytic constants. This means that about 2 per cent. of the former 
and 1.50 per cent. of the latter are decomposed into free base and 
free acid, under the conditions of dilution and temperature stated 
above. 

(3) The concentration of free acid in solutions from which the 
metallic hydroxides were separated must be quite small. The 
calculated values amounted to but a few tenths of a milligram for 
such volumes as 100 to 200 cc. There is some reason to think 
these values are too small, but it is not likely that they reach above 
a few milligrams in the above volumes. 

(4) Aniline quantitatively precipitates the quadrivalent and 
weakly basic elements, titanium, zirconium, cerium and thorium, 
as well as the trivalent elements Fe™, Al, and Cr"! under certain 
conditions, from dilute and slightly acid solutions. The solutions 
may be chlorides, nitrates or sulphates. The same statements 
apply to phenylhydrazine, except that ceric and ferric salts are 
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reduced by this reagent to salts of comparatively strong bases 
which are precipitated incompletely or not at all. 

Zinc, cadmium, mercury, cobalt and nickel, when sufficiently 
concentrated, form difficultly soluble addition products with 
phenylhydrazine. With aniline, also, zinc, cadmium and mercury 
give similar compounds. The strongly basic elements, magnesium 
barium, calcium, strontium, manganese and ferrous iron are not 
precipitated.? 

Beryllium, when present alone, is not precipitated by aniline, 
nor by. phenylhydrazine, except from sulphate solutions. 
Actual separations were worked out as follows: titanium and 
zirconium from iron; titanium, zirconium and thorium from 
beryllium. The separation of aluminum from iron proposed by 
Campbell and Hess was studied more closely. A double precipi- 
taton is advisable in all these separations. The separations from 
ferrous iron depend upon the reducing power of phenylhydrazine 
as well as its weakly basic nature. Aniline can not be substituted 
for it here, but all the separations from beryllium may be done 
equally well with aniline. 

(5) Phenylhydrazine will accurately separate minute qtanti- 
ties of alumina (and probably also the weaker bases) from large 
masses of iron. 


LABORATORY OF THE U. S. GEOLOGICAL 
SURVEY, WASHINGTON, D. C. 


CHRO/1-MALONATES. 


By JAs. LEWIS HOWE. 


Received February 12, 1903. 
CoMPLEX salts of organic acids are little known. The chrom- 
oxalates have been thoroughly studied from the days of Mitscher- 
lich on, and in more recent time the complex oxalates of the metals 
of the platinum group have been investigated by Joly, Leidié, 
Vézes, and their pupils. Few, if any, other organic acids than 
oxalic have been examined from the standpoint of the formation 
of complex salts. 
Several years ago a preliminary qualitative examination was 
made in this laboratory, by Mr. G. B. Capito and Mr. W. E. Davis, 
of the relations of chromium to a number of organic acids, and it 
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was found that several promised interesting results, among them 
malonic, tartronic, tartaric, racemic, lactic, and others. 

Owing to pressure of other work, the investigation was laid 
aside until the past session, when Mr. G. R. Smiley spent some 
time studying the compounds of chromium with malonic acid. 
The investigation has now led in quite a different direction, and 
as there is no prospect that the chromium salts will be further 
studied in this laboratory, the results obtained by Mr. Smiley are 
published at this time. 

The method used in the study of the chromium malonates was 
to prepare chromium hydroxide by the action of ammonium hy- 
droxide upon a solution of pure chromium chloride, the green 
precipitate being washed by decantation until the wash-waters 
showed no further trace of soluble salts. This process took 
several weeks. This chromium ‘‘mud” was preserved in a moist 
condition. Definite quantities of the hydroxide were dissolved in 
solutions of malonic acid of varying strengths. When it was 
desired to form salts, an excess of malonic acid was used, and 
this excess neutralized by the base. The salts, with the exception 
of that of pyridine, do not crystallize well, and it was in most cases 
difficult to prepare enough of the pure salt for analysis. 

Two chrom-malonic acids were found: HCr(Mal),.2H,O and 
H,Cr(Mal),.3H,O. These must undoubtedly be looked upon as 
true complex acids, and correspond to the chrom-oxalic acids. 
The pyridine salt of the monobasic chrom-malonic acid was ob- 
tained in fine crystals, as well as avery similar potassium salt, which 
probably has the same composition. Small quantities of a similar 
ammonium salt were obtained, but not enough for analysis. It 
was always accompanied by a salt, very different in appearance, 
consisting of thin blue plates. This blue salt reminds one of the 
tribasic chrom-oxalates. A single sample, appearing pure under 
the microscope and weighing 0.09 gram, gave 19.95 per cent. 
chromium, which would indicate that it was not a salt of the 
tribasic acid. A similar blue salt appeared in working with other 
acids and also with cobalt salts. 

The cesium and rubidium salts obtained are unlike the pyridine 
and potassium salts, and unlike each other. They are not of a 
simple formula, and the amounts obtained were insufficient to de- 
termine the composition of the salts. The rubidium-chromium 
ratio was 4:5, and the cesium-chromium ratio 1:7. The rubidium 
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salt is orthorhombic and strongly pleochroic, while the cesium 
salt shows no pleochroism. 

Work is at present being carried on in this laboratory on the 
double salts of cobalt with organic acids; the cobalt malonates 
prove to be easily oxidizable to cobalti-malonates. 

Chrom-malonic Acid, Monobasic, HCr(Mal),.2H,O.—Formed 
by the action of malonic acid solution on chromium hydroxide. 
Pink crystals, not pleochroic, rather insoluble in cold water, 
soluble in hot water. The solution is acid and the chromium is 
not precipitated by ordinary reagents. It forms salts on neutraliza- 
tion by alkalies. 


Calculated for Found. 

HCr(Ma})o.2H.20. Per cent. 
MON UMMMREAREMNA Sieh oc .5sa Una labia ohé al oie a aie Moe ae 17.74 18.08 
Water .ccvccccccecccccee vecccecccees 12:32 13.97 


Chrom-malonic Acid, Tribasic, H,Cr(Mal),.3H,O.—Formed 
by warming chromium hydroxide with excess of malonic acid in 
solution. Fine, pale pink powder, soluble in water. Similar in 
properties to the monobasic acid. 


Calculated for Found. 

H3Cr(Mal)3.3H2O. Per cent. 
NNO MERI cab. stg lcriece d.6 ia inv ig aie ouorayernlerel wie T2355 12.41 
MRED Sia vse 4: sole 600 0590 8d a's oe: % 0106. 13.00 12.98 


Pyridine Chrom-malonate, PyrCr(Mal),.2H,O.—Formed by 
neutralizing a solution of chromium in excess of malonic acid, 
with pyridine. Monoclinic crystals, showing base, prism, clino- 
pinacoid and pyramid; trichroic, exhibiting pink, salmon, and 
violet. Rather difficultly soluble in cold water, but easily soluble 
in hot water, from which the salt crystallizes readily. 





Found. 
Calculated for 12 i. 
PyrCr(Mal)o.2H2O. Percent. Per cent. 
CHIOMIUM s o.6:6 00:0 osccecisvcnee 14.00 13.80 13.99 


Potassium Chrom-malonate.—This salt resembled, both in 
manner of formation and in properties, the pyridine salt, exhibit- 
ing the same pleochroism and the same crystallographic form. 
The chromium-potassium ratio in two analyses was found to be 
1:1.05 and 1:0.93, and the chromium-water ratio in one analysis 
1:1.75, making the probable formula ofthesalt KCr(Mal),.2H,O, 
similar to that of the pyridine salt. 


WASHINGTON AND LEE UNIVERSITY, 
February 4, 1903. 








NEW BOOKS. 

THE TEACHING OF CHEMISTRY AND PHYSICS IN THE SECONDARY SCHOOL. 
By ALEXANDER SMITH, B.Sc., PH.D., Associate Professor in the Uni- 
versity of Chicago, and Epwin H. HAL, PH.D., Professor in Harvard 
University. New York, London, and Bombay : Longmans, Green, and 
Co. 1902. Crown, 8vo. xiii + 377 pp. Price, $1.50. 

This book has not an uninteresting page in it, and is “as full of 
meat as an egg” when it is in the hands of those for whom it is 
intended, “teachers who are earnestly seeking for improvement” 
(editors’ note), and others who have some knowledge, the more 
the better, of chemistry and physics. ‘To such, the volume fulfils 
its share of the mission of the American Teachers’ Series, of 
which it forms a part, that of being a teacher’s help. ’ 

“The authors of the separate parts on chemistry and physics 
have conferred frequently * * * * * to avoid unnecessary 
duplication * * *. Ina few instances, however, the divergence 
between the opinions of the authors seemed to make it desirable 
that each should present his own” (editors’ note). 

The foregoing will indicate, in part, why nearly two-thirds of 
the book is written by the chemist and the remainder by the 
physicist. The chemistry comes before the physics in the book, 
the chemist concluding, however, that physics should come be- 
fore chemistry in the laboratory and the classroom. 

While primarily intended for teachers in the secondary schools, 
the reading of the book will more than repay the college or uni- 
versity instructor. The parts given to chemistry and physics are 
full of suggestions but differ in treatment and in the amount of 
detail and emphasis given to similar topics in the two sciences. 

The work begins with a discussion on the value of science in 
general, and chemistry and physics in particular, in a scheme of 
secondary education. It presents the conflicting views in a clear, 
comprehensive and satisfying, if not satisfactory, way. ‘This is 
followed with considerations regarding the place and sequence of 
chemistry and physics in a curriculum. Then follows the char- 
acter and method of the instruction in chemistry, in the classroom 
and the laboratory; the subjects of the courses; the equipment 
of the laboratory in apparatus, in literature, and in first aid in case 
of accident; with an excellent bibliography of chemistry for the 
teacher first and then, to a limited extent, for the pupil in addition 
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to the bibliography at the beginning of each chapter and the notes 
and references which are found on nearly every page; and last 
and greatest, the equipment and development of the teacher. 

The matters discussed under physics are, mutatis mutandis, 
the same as those under chemistry, without following the same 
order. 

While every one will not agree with the authors in all their 
views, it will be generally admitted that these views are urged with 
ability, earnestness and moderation, and in their endeavor to show 
how chemistry and physics can be made of more intellectual 
benefit in a course of instruction there will be few that will deny 
that they have succeeded and at the same time made a book that 
will repay careful study from cover to cover. W. G. Brown. 


THONINDUSTRIE-KALENDER, 1903. WEIHNACHTSBEILAGE DER THONIN- 
DUSTRIE-ZEITUNG, BERLIN. 

The publishers of the Thonindustrie-Zeitung have distributed 
to their patrons their annual calendar, in two parts, for 1903. 

Part I, bound in linen, as is usual with such publications, is 
largely in diary form, but contains in addition 69 pages of maxims 
for clayworkers, in very concise form, which apply not only to the 
technical but also to the management of the administrative and 
mechanical sides of the clay industries. Although many of the 
observations are truisms, they are all more or less suggestive and 
might bring about a decided improvement in the results attained 
in any of our own clay industries were they translated and put 
into the hands of managers, superintendents and foremen. 

Part II, in paper, 450 pages, opens with instructions as to the 
proper manner of examining clay deposits by borings and cuts, 
pointing out the necessity for so doing, and the methods of de- 
termining the depth, extent, and character of the material in any 
deposit before attempting to develop and use it. Apparatus such 
as calorimeters, that for the examination of flue gases, draft indi- 
cators in their various forms, flue thermometers, alarm clocks for 
the guidance of stokers at the kilns, registering clocks for the con- 
trol of the firemen and others, are described. The manner of deter- 
mining the completion of the burning processes from the shrinkage 
of test-pieces and of the temperature of the kilns, by means of the 
very useful Seger cones, and by pyrometers of the electric type, 
with tables showing the temperatures with which cones of various 
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numbers correspond, are explained. Paragraphs on hygrometers 
and their uses, the control of temperature in drying chambers, 
methods of determining soluble salts in clays for the prevention of 
efflorescence in the finished products, for the water capacity of 
clays, for their examination for uniformity by elutriation, for the 
determination of voids or volume weight, and their binding 
properties follow. Tests for the amount of solid glazing material 
necessary in glazing, for determining the crushing strength of the 
finished products, their loss from attrition and their resistance to 
impact and weathering are noted. The use of the Deville furnace 
for testing the fire-resisting quality of clays and the determination 
of their shrinkage or contraction in burning is described. The 
apparatus for all these determinations or tests and for the control 
of the burning processes are furnished by the laboratory of the 
editors.- Much of it could no doubt be introduced into the clay- 
working industries of the United States with success. 

The remainder of the contents of the second part of the calendar 
is of purely local interest in Germany, unless it be a list of books, 
475 in number, relating to the various industries in which clay is 
employed, which are sold by Seger and Cramer, 6 Kruppstrasse, 
Berlin, N. W. 5. 

To all engaged in the clay industries, especially the production 
of brick and terra cotta, who have a knowledge of the German 
language, the calendar will be found to be, at least, suggestive, 
although largely an advertisement of the wares of Seger and 
Cramer. CLIFFORD RICHARDSON. 


LEAD SMELTING : THE CONSTRUCTION, EQUIPMENT, AND OPERATION OF 
LEAD BLAST-FURNACES, AND OBSERVATIONS ON THE INFLUENCE OF 
METALLIC ELEMENTS ON SLAGS, AND THE SCIENTIFIC HANDLING OF 
SMOKE. By MALVERN WELLS ILES, PH.D., some time Assistant In- 
structor Qualitative Laboratory, School of Mines, Columbia University ; 
Chemical Fellow, Johns Hopkins University ; Assayer and Chemist, 
Grant Smelting Works, Leadville, Colo.; Metallurgist, Omaha and Grant 
Smelting Works, Denver, Colo.; also Holden Smelting Co., Denver, 
Colo.; Superintendent Globe Smelting and Refining Co., Denver, Colo. 
John Wiley and Sons. 1902. 228 pp. 


This book, in which the author has recorded the experience of 
many years of actual contact with smelting operations, is a very 
complete discourse on the subject told in a conversational style 
without any attempt at literary embellishment, and the student 
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will find here what he wants to know: how to carry into practice 
the principles he may have received elsewhere. 

Owing to the manner of presentation there is more or less 
repetition, but perhaps this is advantageous rather than otherwise, 
inasmuch as this occurs while considering different phases of the 
subject. 

After a general discussion of the blast-furnace and its manage- 
ment, suggestions as to drawings and specifications are given, in- 
cluding a full discussion of the inner lines of the furnace. This 
part of the work is fully illustrated, and dimensions are given, 
also a historical sketch of the changes which have taken place 
from time to time; this is followed by details of the foundation, 
the crucible, the water-jackets and the superstructure. 

The power plant is fully discussed, and the equipment of the 
plant with tools and implements is treated in much and valuable 
detail. 

After some suggestions as to “blowing in,” the calculation of 
charges is dealt with, followed by suggestions as to the general 
supervision and operation of the plant. Fifteen pages are devoted 
to wall accretions and influence of metallic elements. The results 
of the smelting operations, the composition of slags, bullion, etc., 
and the production of antimonial lead is fully dealt with; there is 
also a short chapter on roasting furnaces. The balance of the 
book, some sixty pages, is taken up with a discussion of “smoke” 
in which “the aim has been to show how the stupendous values 
heretofore lost in smoke can be saved by filtering through cloth.” 
The author strongly advocates this use of cloth for collecting 
fumes. 

Any student aspiring to the management of a smelter, par- 
ticularly a lead smelter, should study this book. It will prove help- 
ful to all who desire some knowledge of this branch of metallurgy. 

Wo. Hoskins. 
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